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INTRODUCTION

The following accounts of the development and life history of a miscellaneoUS
group of teleostean fishes is a continuation of earlier studies by the same authors,
published in the Bulletin of the United States Bureau of Fisheries, volume XLVI, 1930,
pages 383 to 488, and volume XLVIII, 1934, pages 41 to 117 (see Bibliography).

Most of the specimens and data used were collected at Beaufort, N. C. Howeve:,
some of the specimens and data were secured elsewhere, principally by Dr. LeWIS
Radcliffe and the late William W. Welsh, working aboard the Fisheries vesselS
Albatro88, Fi8h Hawk, and Grampus,

The authors were very materially assisted in the field work, carried on from 1~2~
to 1932, by the various members of the staff of the United States Fisheries BiolOgIca
Station at Beaufort, N. C., especially by Dr. James S. Gutsell and Capt. Charles
Hatsel, who accompanied one or both of the writers on many trips, and alsO
collected independently.

The drawings presented herewith were prepared by the junior author, unlesS
otherwise stated in the legends. The junior author, also, did much of the tediouS
work of sorting the young fishes from other forms and the general debris usually ta.kell

in towings, and made some of the preliminary identifications. The senior author,
under whose direction the work was carried on, is responsible for final identifications,
the interpretation of the data, and for the preparation of the manuscript.

The principal collecting stations are indicated with small circles on the map (fig'·
1). One-meter tow nets, one at the surface and one on the bottom, hauled simulttUlC­
ously, were the only nets used at the farthest offshore stations. At the stations neal'
shore, and at those in the partly enclosed waters, otter trawls and beam t,rawls alsO
were used. Furthermore, collecting seines, particularly small ones made of bobbinet,
were employed along the shores both in the inside waters and along the outside bea~bed

An otter trawl having the cod-end surrounded by bobbinet, built as a modJfie I
I-meter tow net, with the collarlaced to the meshes of the trawl, was found very useftl

for collecting young fish. The fish taken in the bobbinet generally were past the larval
stage and too active to catch with an ordinary I-meter tow net, yet small enough to pitSS
through the one-fourth inch square mesh of the collecting trawl. This apparf1tu~
proved very satisfactory at Beaufort, where there is little or no rough or rocky bottofll'
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)IGUIlI1i I.-Map of Beaufort Harbor and neighboring waters. Numbers on the map show the depth of the water In teet at the
principal collecting stations.
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It will be seen from the following accounts that generally many gaps remain in
the series of developmental stages of the various species treated. However, in every
case enough new information is presented to make publication seem quite worth while.

It has been possible, at least for some of the species discussed, to determine froIll
the time and place of collection of the eggs or early young or both, the approximate
duration of the spawning season and also the place of spawning, even though ripe fish
were not seen. The movements or migrations of the young, too, were determined for
some of the species from the places of collection of immature fish. Considerable in­
formation relative to the rate of growth during the first several months of life also was
gained for several species, and is shown in tables and graphs presented.

All the species discussed in this paper, exclusive of the pinfish and the hakes,
spawn during the summer, and either are scarce or absent in the local shallow water
during the winter. Tbe pinfish and the hakes, however, spawn during autumn and
winter, and the young sometimes were taken in large numbers during the winter in
company with young spots and croakers, the last named species also being winter
spawners, as shown in an earlier paper by the writers (1930, pp. 417 and 433).

The drawings of the eggs and newly hatched fish are based on living material.
All the rest of the illustrations were prepared from preserved specimens.

SCOMBEROMORUS MACULATUS (MITCHILL). SPANISH MACKEREL,
WITH NOTES ON RELATED SPECIES

The development of the eggs and the early larvae, up to 6 days of age, of the
Spanish mackerel was described and figured by John A. Ryder (1882, pp. 135-172).
It is now possible to describe and figure some older stages of Scomberomorus.

The eggs used in Professor Ryder's study were secured directly from ripe fish at
several different points in Chesapeake Bay. The eggs, according to Ryder, float in sea
water and vary in size from "one-twenty-fifth to one-twentieth of an inch in diameter."
They generally hatched in 24 hours. Segmentation proceeded quite regularly, as
usual in teleostean eggs. The newly hatched fish was scarcely 2 mm long. When 3
days old the larvae had absorbed the contents of the yolksac, and the mouth was wide
open. On the sixth day after hatching (length not stated), according to Ryder'S
figure 17, the mouth hud grown very large and wide with a sharp angle at the joints
of the lower jaw. Prominent teeth already were present. This is the most advanced
larva described and figured (anterior part of body only) by Ryder, and it seems to be
identifiable with the smallest larvae now at hand.

The specimens upon which the present study is based were caught in nets, mostly
on the coast of North Carolina in the vicinity of Beaufort. However, among the
larger young, specimens from Massachusetts, South Carolina, Georgia, Florida,
Louisiana, Cuba, St. Lucia, and Panama also have been studied. All the larvae
under 14 mm in length were taken at sea and mostly several miles offshore along
the coast of North Carolina. Neither the larvae nor the older young were found
numerous during the extensive collecting done in the vicinity of Beaufort. Never­
theless, adult Spanish mackerel occur there in season (spring and fall) in sufficient
Il,bundance to be of considerable commercial value. However, comparatively feW
seem to remain during the spawning season.

The ceros (locally pronounced "zero") or kingfish, S. cavalla and S. regalis, are
too scarce (especially the last named one) on the coast of North Carolina to be of
much commercial importance. They are sought, however, by sportsmen, who prefer
them to Spanish mackerel because they run larger in size. S. cavalla sometiIlles
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attains a weight of 50 to 75 pounds, and S. regalis 25 to 35 pounds, whereas S. macu­
latus attains a maximum weight of only 20 to 25 pounds. The average run in weight
of these species respectively in the order named, however, is only about 7, 5, and 2
Pounds.

The Spanish mackerel and the ceros or kingfishes are all of wide distribution.
The spanish mackerel (S. maculatus) ranges from Cape Cod, Mass., (sometimes as
far north as Maine) south to Brazil on the Atlantic coast and from San Diego, Calif.,
to the Galapagos Islands on the Pacific. The ceros (S. cavaUa and S. regalis) are
about equally as widely distributed on the Atlantic, though they do not occur on the
Pacific coast. S. cavalla and S. maculatus are recorded also from the Atlantic coast of
Africa. All the species seem to be chiefly of southern distribution, large quantities
being taken in southern Florida, on the Gulf coast, and southward.

The Spanish mackerel, like the other species of the genus, is migratory. It
appears on the coast off Beaufort, N. C., in the spring, generally arriving in April,
and it returns again in the fall, comparatively few remaining during the summer.
According to local fishermen and fish dealers the fish of the spring run are poor and
Contain green roe. This statement is affirmed by our limited observations. In the
fall the fish are fat and without roe. Spawning takes place during the summer, as
ShOwn subsequently, at a time when the fish locally are scarce. Therefore, the
\1i.cinity of Beaufort evidently is not an important spawning area.

The ceros occur off Beaufort chiefly in the fall, and are scarce or absent the rest
?f the year. All three species of Scomberomorus discussed are taken in large numbers
11l southern Florida and on the Gulf coast during the winter, when they are absent in
~orth Carolina and northward.

CHARACTERS OF THE ADULT

Adult Scomberomorus are recognized by the elongate, little-compressed body;
long pointed snout; large mouth with strong teeth; and by a keel of skin on the sides
of the tail posteriorly. The dorsal fin is long, composed of 14 to 18 feeble spines, 14
to 18 soft rays, followed by 7 to 10 separate finlets. The anal fin similarly is followed
by about an equal number of finlets and the caudal fin is deeply forked. The general
Color is silvery, generally with spots and markings that differ among the species.

The three species of Scomberomorus herein considered are rather closely related.
lIowever, S. cavaUa is distinguishable by the more slender body and the abruptly
decurved lateral line under the second dorsal. Furthermore, the origin of the anal
llSually is under the middle of the dorsal, whereas in the related species it is a little
farther forward. Large individuals of S. cavalla are plain bluish above and silvery
below, without spots, though young ones are described as having bronze spots.
. S. regalis differs from the othe,r species in having scales on the pectoral fius and
1~ having one or two continuous black lines along the side. In addition to the black
lInes it retains elliptical bronze spots throughout life.

S. maculatus, as l:\tated elsewhere, runs smaller in size thau the related species.
It has no scales on the pectoral fins, and no black line on the side, though it has bronze
Spots. The lateral line, as in S. regalis, is more gently decurved under the second
dorsal than in S. cavaUa. In S. macu1atu8 the anterior part of the first dorsal, back
to about the fifth spine, is wholly black, whereas in the limited number of specimens
of S. regalis examined only the outer two-thirds of that part of the fin are black, the
base being white.
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SPAWNING

A fairly full report on the spawning season of the Spanish mackerel, S. maculat'US,
was given by R. Edward Earll (1882, pp. 395-426). This writer made a special
investigation and stated (p. 404) that this fish begins to spawn in the Carolinas in
April, in Chesapeake Bay in June, and in the vicinity of Long Island not until the last
of August. Mr. Earll stated, furthermore (p. 405):

* * * The spawning season on our coast continues throughout the summer, and, in any
particular locality, it lasts from 6 to upward of 10 weeks. * * * Again, a single individual is a
number of weeks depositing its eggs, as shown by the fact that when the first are excluded a large
percentage are still small and immature.

It seems to us from the evidence obtained during the investigation upon which
this report is based that Mr. Earll set the beginning of the spawning season ("in
April") too early for North Carolina. It has been stated already (p. 509) that the
Spanish mackerel arriving off Beaufort in April and May contain green roe. Further­
more, no larvae were collected there prior to June 28 (1927).

Other young of sizes stated were taken in the vicinity of Beaufort as follows:
Larvae 4.0 mm and less in length, June 28 (1927), August 17 (1927), and August 26
(1929); larger larvae up to 8.0 mm in length, July 12 (1915), and September 1 and 2
(1914); young 14 to 20 mm long, July 7 (1913), July 9 (1915),2 and September 2 (1914);
and specimens up to 80 mm long, August 15 (1913), and October 7 (1930).

The larger young, that is, fish 14 mm and upward in length are capable of swim­
ming and may have traveled some distance from the spawning ground. In fact, some
of these larger young were taken in inside waters, whereas the smaller ones were caught
only in outside waters. Larvae 8 mm and less in length, as already shown, have no
fins and are quite helpless. Except as wafted about by currents and tides, they no
doubt remain where they were hatched.

It may be concluded, then, that a limited amount of spawning (for the young, as
stated elsewhere, are not numerous) takes place in the open waters off Beaufort
Inlet, and apparently none in the inside waters. Furthermore, larvae under 8.0 mm
in length quite certainly are only several days old. As these small larvae appeared in
the collection from June 28 (1927) to September 2 (1914), it may be concluded also
that spawning takes place off Beaufort at lea,st from the latter part of June to near the
end of August. It cannot be stated definitely that the earliest larvae of anyone
season were taken, yet the absence of young in our collections prior to the end of June
does in a measure confirm the statement of local fishermen and fish dealers, as well as
our observations, that the fish of the spring run (April and May) at Beaufort are not
ripe, and that spawning very probably does not take place in the vicinity of Beaufort
until sometime in June.

So far as we are aware nothing is known definitely about the spawning habits of
S. cavalla and S. regalis. The limited number of fish examined, taken in the fall of
the year, contained no roe. No evidence indicating that they spawn on the coast
of North Carolina h~s been found.

DESCRIPTIONS OF THE YOUNG

It cannot be stated positively that the young fish herein described are all Spanish
mackerel, for even the adults of the species of Scomberomorus are rather closely

• Some of tbe small specimens used In tbe preparation of tbls report were collected as early as 1913 to 1915 by Dr. Lewis Radclltfe,
formerly oUbe Bureau of Fisheries. who already bad Identified some of them provisionally wben they fell Into our hands. There(Ors.
we wlsb to credit Dr. Radclltle with laying the foundation that made this report on Scomberomorus possible.
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related, and the young may not be separable. Nevertheless, it seems highly probable
that we are dealing with Spanish mackerel only, as shown subsequently.

The descriptions that follow are all based on preserved specimens. Considerable
shrinkage takes place during the hardening process. Consequently the smallest larvae
herein described, though shorter than the largest ones described by Ryder (1882) in
the fresh state, are more advanced in development.

Specimens about 2.5 mm long.-The body is robust, but the tail is long and slender,
being notably longer than the head and trunk. The greatest depth is contained in
the total length about 3.25 times. The mouth is very large and broad and strongly
oblique; the gape reaches under the eye; and the lower jaw projects slightly and is
straight and broad. Teeth already are plainly visible. The myomeres are indistinct
anteriorly and posteriorly and therefore cannot all be enumerated. They appear to
be rather numerous. Slight indications of rays are present above and below the tip
of the tail. Pectoral fin membranes are prominent, with indications of rays.

The general color of the preserved specimens is brownish. A dark spot just
behind the symphysis of the lower jaw is at least sometimes present, and another one
appears on the abdominal wall a short distance in advan('e~f the vent (fig. 2).

................

FIGURE 2.-Scombtromorm maw/atll.,. From 8 specimen 2.75 rum IOIli:.

~ The chief distinguishing character, and the one that seems to "link" these larvae
With:the smaller and larger ones, is the large broad oblique mouth with well developed
teeth.

Specimens 3.0 to 3.5 mm long.-The caudal portion of the body has grown pro­
Portionately much shorter and deeper, the vent now being situated near midbody
~ength, and the greatest depth is equal to the head, and is contained about 3.0 times
ll:l thellength. The mouth remains large and wide, and has become more strongly
oblique. Two depressions, one over the snout and another at the nape, are present
and rather more prominent than in the smaller fish already described. Several
Prominent spines are present on the preopercular margin (which disappear in the
adult). Three slender spines are developed in the anterior part of the dorsal finfold,
though no soft rays are developed, a sequence contrary to that found in other species
stUdied, and apparently contrary to the general rule in spiny-rayed fishes, in which
the soft rays most usually are developed before the spines appear. A variation in the
r~lative length of the dorsal spines seems to exist among individuals of about this
Slze and larger ones, as in some specimens the first spine is longest and in others the
second one.

A few dark spots are present along the ventral surface of the caudal portion of the
bOdy, and generally some dark markings appear on the dorsal wall of the abdominal
cavity (figs. 3 and 4).
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FrGUIIII; 3.-ScombtromMu4 maculatlU. From a specimen 3 mm long.

FlGURK ...-Scombtromor1t4 maculatlU. i'rom a specimen 3.~ mm long.

FIGUBE Il.-Scomberomorm maculatlU. From a specimen" mm long.

Speeimen8 4.0 to 4.~5 mm long.-Two specimens of this range in size are at hand.
They are very similar to specimens 3.5 rom long, differing principally in the develop­
ment of two additional spines in the dorsal fin, five spines now being present (fig. 5).
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Specimens about 6.0 mm long.-The large mouth has become much Ie s strongly
oblique, the gape anteriorly being below the level of the middle of the eye, whereas
in specimens about 4.0 mm long it is at or above the upper margin of the yeo The
maxillary has become narrower, and now reaches well beyond the middle of the eye.
Teeth are very prominent. The snout has become much more pointed, and there is
a sharp demarcation and depression where the premaxillaries apparently articulate
with the skull bones. In advance of this depression or groove there is a pronounced
hump in some specimens, which has a tendency to form a backwardly directed hook
O\Ter the groove. This depression is distinct in the smaller fish described, though the
premaxillaries are not definitely outlined. A second depression present at the nape
in smaller fish has now disappeared. Dorsal spines have increased to seven in num­
~er, and are relatively high, the longest one being a little longer than the snout. There
IS variation in the relative length of the dorsal spines, the first spine particularly being
shorter in some specimens than in others. Soft rays still are imperfectly de eloped.
The notochord is directed upward sharply, as usual at this stage in fishes destined to
ha\Te homocercal tails. Myomeres are numerous, but cannot be counted accurately.
Four spines, though reduced in size, remain present on the pr opercular margin as in
Younger fish.

.. )

FIG U O.-ScomIMromorlU mOClLllltlU (f). From a 8110chnen 6.76 mm long.

The general color of the long-pr served specimens at hand is brownish. The only
color marking is a broad black band on the dorsal spines (fig. 6).

o pecimens between a length of 4.0 and 5.0 mm are at hand. Unfortunately
the 5.0-mm specimen is imperfect, especially in having the dor al spines broken.
The next smallest specimen in good condition is 5.25 mm long. Considerable ad­
\Tancement in development took place, if the larvae actually are all of one species,
While the fish grew in length from 4.0 to 5.0 mm. The chief connecting L/links"
between the smaller specimens and the present group are: The very large mouth
\Vith prominent teeth; the preopercular spines, four in number in each stage; the
retention of the depression over the snout, marking the articulation of the pr mnxil­
lanes; and the prominent dorsal spines. The great increase in length of the dorsal
spines is somewhat disturbing in the absence of intermediate specimens. There can be
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no doubt, however, that these fish, if not of the same species as the smaller and
larger ones herein described, at least are of a related species.

Specimens 7.0 to 8.0 mm long.-Three specimens of this size are at hand. They
differ little from the somewhat smaller ones described in the preceding section. The
upper jaw is now slightly arched as in larger fish; dorsal spines have increased to
eight, and remain high as in the smaller fish; soft rays are fairly definite in all the fins,
though no articulations a,re evident; the caudal fin shows a tendency to fork; and the
color apparently remains unchanged.

Specimen 14 mm long.-Only one specimen of this size is at hand, and none
intermediate of this one and those described in the immediately preceding section.
Therefore, a considerable gap remains. However, several similar and identical char­
acters "link" this fish with the smaller ones, showing that if not identical they at
least are representatives of related species.

The 14-mm specimen is much more elongate than the smaller ones described,
the greatest depth being contained about four times in the standard length. The
snout has become still longer and more pointed, being contained 2.1 times in the
head, and it projects well beyond the lower jaw. The groove at the articulation
of the premaxillaries remains prominent. Spines on the preopercular margin have

FlOUBII: 7.-SCombuomorm maculatm. From a specimen 14 mm long.

increased to eight. The maxillary has become strongly arched, and the teeth are
large. The dorsal spines have increased to 19 (the usual number present in adult
Spanish mackerel being 18 or 19), and the anterior ones, which were developed in
the smaller fish, are proportionately lower. Although the bases of the second dorsal
and anal are well outlined, the development of soft rays in these fins, as well as in
the pectorals, is still retarded, whereas those of the caudal and ventrals are rather
better developed. The origin of the anal is somewhat in advance of the second
dorsal, whereas in adults its origin generally is under or behind that of the second
dorsal. Dorsal and anal finlets are not yet definitely developed but thickenings in
the fin membranes that will constitute the bases of the finlets are evident. The
primitive fin membrane, however, remains continuous in each fin. The caudal fin
now is distinctly concave.

The general color of the preserved specimen is brownish, with some black pigment
at the posterior end of the maxillary, and scattered black specks on the head and
snout. The black band on the spinous dorsal present in smaller specimens remains,
but is somewhat broken up into spots in the 14-mm fish. Blackish specks also are
visible along the base of the second dorsal and anal fins (fig. 7).

Except for the comparatively great change in the height of the anterior dorsal
spines, the 14-rnm fish connects up well with the 8.0-rom ones. Additional specimenS
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will be required to determine po itively the identity of this fish and the smaller
specimens mentioned.

Specimens about 17 mm lang.-Five specimens of about this size are at hand.
Development is much fUl'ther advanced than in the 14-mm fish alTeady described.
The £inlets of the dorsal and anal, eight or nine in number in each fin, are more
distinctly outlined, yet remain connected by the primitive membrane. The caudal
fin is now definitely forked. The origin of the anal remains slightly in advance of
the origin of the second dorsal.

Pigmentation has increased somewhat. Some specimens are partly silvery in
color. The black band on the spinous dorsal, very pronounced in younger fish, is
now broken up into spots (fig. 8).

')._-_..... -~... ,......

FIOURIl .- &umbuollloru. maculalm. FrOIO 1I speclmen ..bout 17 nun long.

FIGURX 9.-&omberomoru. maculalw. From a apeelmen 22 mID long.

Specimens 22 to 25 mm lang.-Ten specimens of about this size have been studi d.
The body has become rather more slender, the d pth now being contained about
4.5 times in the standard length, and it remain rather strongly compressed. The
head is long, about 2.5 times in the tandard length; the nout is sharply pointed
and projects strongly beyond the lower jaw, as in younger fish, its 1 ngth being
Contained about 2.2 times in h ad. The groov at the articulation of the premaxil­
laries remains evident. The mouth is very large and the teeth are strong, a pair
of large canines in the upper jaw being on the part projecting beyond the lower jaw.
'rhe maxillary reaches omewhat past the middle of the eye and is ontained about
1.4 times in the head. Only two preoperculnr spin s remain. The origin of th
anal is now only slightly in advance of that of the s cond dol' a1. The rays of th
fins remain imp rf ctly develop d, though tho e of the other fin are well form d.
The £inlets are all well developed and separate. The caudal fin is well forked, but
not as broadly as in the adults.

Pigmentation has progres ed fairly rapidly. The g neral color is sil ery, though
the back has a brownish ca t. The black markings are shown in figur 9.
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Specimens 35 to 40 mm long.-Six specimens of about this size are at hand. The
advancement over the 25-mm fish is not great. The upper jaw projects less promi­
nently, and the articulation of the premaxillaries no longer is marked by a definite
groove. The preopercular spines have been almost completely absorbed. In some
specimens of this size a slight indication of a lateral line is present. The second dorsal
and anal now have attained more nearly the relative position occupied in adult fish,
as the origins are about opposite each other. (In adult S. maculatus and S. regalia
the origin of the anal generally is slightly behind that of the second dorsal, whereas
in S. cavalla it often is nearly under the middle of the second dorsal). The rays of
these fins now are quite fully developed. The following counts are based on one
specimen: D. XIX-17-VII; A. II, 17-VIII; vertebrae 22+31=53.

Pigmentation remains about as in the 25-mm fish, except that black points on
the middle of the side have become more numerous and more concentrated and tend
to form a lateral band posteriorly. Much variation in the amount of black pigment
on the spinous dorsal occurs among specimens. Generally the anterior part of the
fin, to the fourth or fifth spine, is mostly black.

Specimens 60 to 70 mm long.-The body remains quite strongly compressed. It
does not differ in proportionate depth from the smaller fish described in the preceding
section. The head is proportionately much shorter, however, being contained about
3.3 times in the standard length. The snout projects less prominently, the anterior
pair of enlarged teeth no longer being far in advance of the mandible. The maxillary
remains slightly arched, but much less so than in smaller specimens, having become
gradually less bent since a length of about 14 mm was attained, reaching below
posterior margin of pupil, and being contained about 1.7 times in the head. The
lateral line is fairly well defined. It is curved downward rather gradually under the
anterior rays of the soft dorsal, and posteriorly it is undulating. Gill rakers are very
short, mere points, eight or nine can be seen. Vertebrae 23+30=53 in one specimen
counted.

The body is mostly silvery; more or less brownish on the back. The anterior
part of the spinous dorsal, involving 3 to 5 spines, is wholly black, the rest of the fin
has only a black margin, precisely as in adult Spanish mackerel.

Specimens 85 to 100 mm long.-Fish of this size and for sometime afterwards
remain more strongly compressed than adults. The upper jaw projects little at this
size, the teeth remain strong, but less so than in younger fish; and the caudal fin is noW
broadly forked, about as in the adult. No dermal keel is as yet e'vident in the lateral
line on the caudal peduncle. The following counts and proportions are based on a
specimen 97 mm long: Head 3.8; depth 4.6 in standard length; snout 2.8, maxillary
1.8 in head; D. XVII--16-VIII; A. II, l4-IX; gill rakers minute, 9; vertebrae
22+31 =53.

The color is bright silvery, rather bluish silvery above. No spots or lines are dis­
cernible in the preserved specimens at hand (fig. 10).

Specimen 160 mm long.-A single fish of this length (and none intermediate of
this one and one 115 nun long) is at hand. The l60-mm fish does not differ greatlY
from the smaller group described in the preceding section. The proportions given for
the smaller fish have not changed.

No change in color appears to have taken place. No indications of spots or
other markings are present on the body in the old preserved specimen studied.

Specimens 210 to 225 mm long.-One specimen of each length given is at hand.
These fish were recently preserved. The larger one has dark spots (Yellow in life)
on the sides as in the adults. The smaller one has none, which seems to show that the
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spots are not always developed at a length of 210 mm. In structure these fish do not
differ essentially from the 160-mm fish already described. These specimens still
remain rather more compres.~ed than large fish. The mllXillary remains gently
arched, and the snout sharply pointed, projecting slightly, just as in the smaller fish
described in the foregoing section. The lateral line remains unchanged, being rather
gently decurved under the anterior part of the soft dorsal, precisely as in adult Spanish
mackerel. The gill rakers have increased somewhat in length, though they do not
yet exceed a fourth the length of the pupil. Scales now are present on the soft dorsal
and on the anal, though none can be seen on the pectorals. The dermal keel on the
caudal peduncle is quite evident.

FIOVllJl10.-&omberomorm macutattu. From lL speclmen 117 mID long.

A DISCUSSION OF THE RELATIONSHIP OF THE SPECIES OF SCOMBEROMORUS AND
THE PROBABLE IDENTITY OF THE YOUNG

The relationship of the three species of Scomberomorus known from the Atlantic
Coast of the Americas, is rather close, as indicated elsewhere. We recognize only one
species among the young studied, though the identity of the 6.0- to 8.0-mm specimens
described is somewhat doubtful, owing to some missing stages,

If the very young are separable into species it would be necessary to use characters
different from those employed in recognizing the adults. We have not discovered any
distinguishing «juvenile" characters. The first "adult" character that develops, which
apparently is of some value in distinguishing the kingfish, S. cavalla, from the other
local species of the genus, is the relative position of the soft dorsal and the anal. In
the kingfish the origin of the anal is well behind the origin of the soft dorsal, often
nearly under the middle of the soft dorsal, whereas in the other two species the origin
of the anal is under or more usually slightly posterior to the origin of the oft dorsal.
The soft dorsal and anal are not well dev loped until the fish reach a length of about
14 Inm, and it is not until the fish reach a length of about 35 mID that the r lative posi­
tion occupied in adults is attained, as the origin of the anal is in advance of the second
dorsal in smaller fish. The relative position of these fins remains unchanged in all tho
larger young (35 mID and upward in length) studied, the origin of the anal being slightly
Posterior to that of the second dorsal. Therefore, the specimens in our collection
probably cannot be identified as S. cavaUa.

The next distinctiv character that develops is the lateral line, which is abruptly
dectll'ved under the second dorsal in the kingfish, S, cavaUa, and rather gradually in
the other species. The lateral line sometimes is evident in specimens 70 rom long, but
often not until later. Judging from the cow'se of the lateral lines the kingfish again
seems to be missing among the specimens that could be checked for this character.
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The Spanish mackerel, S. maculatus, and the spotted cero, S. regalis, are closely
related, apparently distinguishable by the presence of scales on the pectoral fins, and
by the presence of one or two longitudinal black streaks along the side of the latter.
It is not known at what size these distinguishing characters develop. It can only
be stated now that no scales are present on the pectoral fins in any of the young at
hand. Neither are dark stripes present. In two adult S. regalis examined the
anterior part of the spinous dorsal is not wholly black, the lower third or so being
white. This is shown also in an often reproduced drawing. Adult Spanish mackerel,
S. maculatus, examined have the anterior part of the fin, involving from three to five
spines, wholly black. This is true of young Scomberomorus of about 60 mm and
upward in length that are at hand. The indications, therefore, are that at least the
larger young studied and described are Spanish mackerel.

Because of the scarcity or absence of ceros and kingfish during the probable
spawning season (spring and summer), there is reasonable doubt that these fishes
spawn on the coast of North Carolina. Therefore, the young Scomberomorus taken
there very probably are all Spanish mackerel, even though their identity cannot be
efiltablished pOflitively by taxonomic characters.

LAGODON RHOMBOIDES (LINNAEUS). PINFISH

The name pinfish is most generally used for this species, though at Wilmington,
N. C., it is sometimes called sand perch, and southward the name "sailor's choice" is
heard. The name pinfish suits the species well because of its extremely sharp spines.

The pinfish is known from Cape Cod, Mass., to Texas, and is also reported from
Bermuda and Cuba. On our coast it is common from Virginia southward. Its com­
mercial value is not great, however, because of the small size attained. The maximum
length reported is 13 inches, but the average length probably does not exceed 6 inches.
In the statistical report of the Bureau of Fisheries for 1935, for example, it is listed
only from North Carolina (180,000 pounds) and Florida (31,000 pounds). It is
marketed in limited quantities in other States, mostly with other species as "mixed
fish." Therefore, the exact amount marketed is not obtainable.

The pinfish is of good flavor, and no doubt the demand would be greater if the
fish attained a larger size. Occasionally when large catches, running small in size,
are made at Beaufort they are takQn to the menhaden reduction plants and made
into fish meal or fish scrap and oil. The pinfish is said to yield a very high grade of
oil. '

The pinfish is one of the comparatively few species that is a year-round resident
in the shallow water of the estuaries, bays, and sounds at Beaufort. It seems to
withstand cold rather better than most of the other species that winter locally. For
example, on January 7, 1926, and again January 4, 1928, during rather continued
abnormally cold weather many individuals of such species as the speckled trout
(Cynoscion nebulosus), the spot (Leiostomus xanthurus), and the croaker (Micropogon
undulatus), became 'numb and floated at the surface. No pinfish were seen among
them. However, on December 28, 1925, a large number of this species (5 gallons),
mostly rather large o:des, were frozen to death in a "fish pool" from which they could
not escape and which contained only about a foot of water at low tide. The tem­
perature of the water at the time the fish perished is not known, but the air tem­
perature dropped to 12° F., which is unusually low for Beaufort. It is of interest that
some small mullets (Mugil cephalus) about 6 inches in length, that had been confined
in the pool with the pinfish survived, indicating that this mullet can stand even more
cold than the pinfish.
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The pinfish is a nuisance in some respects to anglers because of its ability to cut
the bait off the hook without itself getting caught, and to net fishermen because when
"giBed" it is hard to remove. The sharp spines make the fish difficult to grasp without
injury to the hands. Furthermore, a small sharp spine, directed forw~rd, precedes
the dorsal fin. This procumbent spine prevents the fish from being forced through
the mesh (the usual procedure in removing gilled fish) without lifting the thread over
the spine. The fish taken in this way generally are too small to be of much value.
Therefore, fishermen often have to labor long at the disagreeable task of removing
the fish from the nets without receiving anything in return.

The pinfish also was a most annoying pest to an investigator who had confined
crabs in floating wire cages for the purpose of studying their life history. The fish
Continually mutilated the crabs by biting off their legs and other appendages. The
fish could be observed readily while "working" around the float and when underneath
it they swam completely upside-down, that is, with the ventral side upward.
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CHARACTERS OF THE ADULT

The pinfish (Lagodon rhomboides) belongs to the family Sparidae with the sheeps­
head (Archosargus probatocephalu8), discussed elsewhere in this publicntion.

The adult pinfish is most readily recognized by its rather deep, compressed body,
crOssed by four to seven dark bars, a.nd by its prominent deeply notched incisor teeth.
~he depth of the body is quite variable among specimens, being contained 2.2 to 2.9
~lInes in the length to the base of the caudal. The head is rather long, llnd tho snout
18 Inoderately pointed, being notably longer than the eye. The mouth is small and

1M979-88--2
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horizontal, with the maxillary reaching only to the eye. D. XI or XII, 10 to 12;
A. III, 10 to 12; scales 62 to 68; vertebrae 9+15.

SPAWNING

Many adult fish were examined in the vicinity of Beaufort, from 1914 to 1917 and
from 1925 to 1931, as to the state of development of the gonads. However, no ripe
fish, nor even fish with developing roe, was found, notwithstanding that Smith
(1907, p. 300) reported that a ripening female was seen at Beaufort on August 6 (1903),
and a ripe male on November 20 (1903). The virtual absence of ripe, or ripening,
fish in the local inshore waters suggests strongly that the fish go elsewhere to spawn.
The collection of small young near the inlet and at offshore stations, only, as shown
subsequently, seems to indicate that spawning takes place at sea, probably a consider­
able distance offshore. The presence of rather early young in the local waters over a
long period of time, as shown in the following paragraph, indicates a long spawning
season.

Young, 10 mm and less in length, first appeared in the tow toward the end of
October, and continued to be taken each succeeding month until toward the end of
April. However, they were most numerous in December and January. The presence
of such small fish over this long period of time seems to show that spawning begins in
October and that it continues until the following March.

All the smaller young, consisting of 242 fish of 10 mm and less in length, either
were taken at offshore stations or in or near Beaufort Inlet, some of the stations being
as much as 12 or 13 miles offshore, beyond which no collecting was done. However, as
the eggs and early larvae, or fry under 5.0 mm in length, were not found, it seems prob­
able that spawning takes place beyond the most distant stations made. Therefore,
the young taken at sea presumably were migrating from the spawning grounds to the
inshore waters where the larger young, of 12 to 15 mm and upward in length, and the
adults are numerous.

DESCRIPTIONS OF THE YOUNG

The early larvae were not taken, and therefore remain unknown, as already stated.
Specimens about 5.0 to 5.5 mm long.-Two specimens with damaged caudal fins

are at hand. The body is decidedly elongate and compressed, the depth being con­
tained 3.6 to 3.9 times in the length without the caudal fin. The dorsal outline is
concave just in advance of the eyes llnd also at the nape, or just posterior to the brain,
which is visible through the thin walls of the skull. The head is rather low, compressed
2.9 to 3.0 in length. The snout is moderately pointed, as long as the eye, 3.0 to 3.5
in head; the maxillary reaches nearly opposite the anterior margin of the pupil; and
the gape anteriorly is very slightly below the level of the middle of the eye. Teeth
are not evident. About 22 myomeres may be counted. The vent is situated slightly
nearer the base of caudal than tip of snout. The primitive dorsal fin membrane in
the 5.0-mm fish ha~ suggestions of rays in the region of the anterior part of the soft
dorsal of the older fish. These rays are considerably further developed in the 5.5-mm
specimen. Rays arc rather more definitely developed in the anal fin than in the dorsal.
The notochord is bent upward posteriorly, and well-developed caudal fin rays appear
below it, which are broken distally. Therefore, the exact shape of the fin cannot be
determined. However, as somewhat larger specimens have a rounded caudal, it may
be assumed that the fin also was more or less rounded in the small specimens. Pectoral
fins are quite well developed and rather long, but the ventrals are minute.
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The general color is pale. On the median ventral line are three dark spots, one
near the isthmus, another on the chest, and a third one just in advance of the vent.
A row of black dots occurs along the ventral outline from the origin of the anal to the
base of the caudal. A dark area, apparently internal, is visible on the side above and
slightly posterior to the vent (fig. 12).

Specimens 6.0 to 7.0 mm long.-The advancement over the 5.0-mm fish, already
described, is not great. The body apparently has become slightly more elongate, the
depth in three specimens measured is contained 3.8 to 4.0 times in the length to the
base of the caudal fin. The concavities in the dorsal outline (in advance of the eyes
and at the nape) remain, but are less pronounced. No change, worthy of note, has
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FlGt'RK 12.-Lagodon rhomboid". From II> specimen 6 mm long.

taken place in the shape of the head, snout, eyes, or mouth. The principal advance­
lnent is the development of more definite soft rays in the dorsal and anal fins, of which
about 12 can be counted in each fin. The spines, however, are not yet well differen­
tiated. The caudal fin is quite long and round. The pectoral fins are long and reach
to the vent, but the ventral fins are scarcely differentiated.

The black dots, present in the smaller fish described, persist and are more definite.
In addition R few to several black dots now are present on the base of the caudal, two
Or more on the upper surface of the caudal peduncle, one at the nape, and generally
an elongate blackish one above the base of the pectoral (fig. 13).

FIGURII 13.-Lagodcm rllomboftl". From 8 specimen 7 mm long.

Specimens 8.0 to 10 mm long.-Development has progressed rather slowly.
The body has become somewhat more slender, but it remains about equally com­
pressed, the depth now being contained 4.3 to 4.6 times in the length to the base of
~he caudal. The dorsal outline remains as in the smaller fish, except that depressions*advance of t~e eyes a.nd at the nape ~ave disappeared, but t~e brain remains visible.

he head now IS contamed 3.5 to 3.6 ill head; eye 2.9 to 3.1 ill head; and the snout
3.0 to 3.3. The mouth remains oblique, with the maxillary reaching nearly opposite
anterior margin of pupil. Jaw teeth now are evident, but contrary to most spiny
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rayed fishes studied, no spines are visible at this size on the preopercular margin.
The vent now is situated at midbody length, without caudal. The development of
the fins has progressed rather rapidly. The spines in the dorsal and anal are well
differentiated; the caudal fin is long and round, being nearly as long as the head;
the pectoral fins, too, are long, reaching the vent; but the ventral fins are minute,
being scarcely longer than the pupil.

The only change in color, worthy of note, is the development of additional dark
dots along the ventral outline of the chest and abdomen, which vary in number
among individuals. Some specimens also have developed a few extra chromato­
phores on the dorsal surface of the head.

Specimens 18 to 15 mm long.-No measureable changes in the proportions of the
body have taken place. However, the snout has decreased in proportionate length
and is definitely shorter than the eye, 3.6 to 4.0 in the head, whereas the eye is con­
tained 2.8 to 3.0 times in the head. The mouth remains oblique, the gape anteriorly
being only slightly below the level of the middle of the eye; the maxillary reaches
only slightly beyond the anterior margin of the eye; and the teeth remain minute.
The skull remains transparent, leaving the brain plainly visible from above. The
rays in the dorsal and anal are all developed as the usual number present in adults
may be counted, 'but the spines remain proportionately much shorter than in the

FIOU.II U.-Lagoaon r/lomboldu. From 8 specimen U mm )ong.

adult. The caudal fin becomes sqWll'e when the fish attains a length of about 12 Jl)lJl

and is definitely concave at a length of about 14 rom. The pectoral fins remain long,
reaching nearly to origin of the anal; and the ventral fins have increased greatly in size,
being neal'ly as long as the eye in 15-mm fish, but the spine is not yet well differentiated.

No changes in color markings worthy of note have taken pla,ce since a length of
about 10 rom was attained (fig. 14).

Specimens 18 to 20 mm long.-Specimens of this length are variablo in shape and
color. Some specimens up to 20 rom in length remain quite as slender as 15-rom fish,
whereas others are notably deeper. The slender specim n of this size ure as void of
pigmentation as M-rom fish, whereas the deeper bodied specimens are profuselY
pigmented and have dark cross bars as in the adult. A few specimens only 16 to 17 J1].1Jl

long already have increased considerably in depth and have evident cross bars,
whereas others up to 20 rom in length remain slender and pale. It is evident, there­
fore, that pigmentation and the deepening of the body take place simultaneously
and that these changes occur at varying lengths. These changes apparently are
associated with a change in habitat, as shown subsequently.

The depth is contained in the length to the base of the caudal 4.3 to 4.5 tiInes
in three unpigmented specimens measured, whereas in three pigmented fish of the
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same size it is contained 3.5 to 3.9 times. Other proportions do not differ measur­
ably in the two groups, the head in six specimens (three of each group) measured
~eing contained 3.3 to 3.6 times in the length without the caudal fin, eye 2.8 to 3.2
ll1 the head, and the snout 3.3 to 3.8 in head. The teeth remain smallllnd equally
developed in the pigmented and lmpigmented specimens. Pigmented specimen
about 20 mm in length are at least partly covered with scales but smaller pigmented
fish and unpigmented ones, up to 20 mm in length, have none. The ctenoid character
of the scales is evident as soon as the scales are developed. The fins are longer and
~ore fully developed in the pigmented fish, though the ventral spine is differentiated
Ul each group. The pigmented specimens, however, have the first soft ray of the
Ventral produced into a short filament, which is not present in unpigmented fish.
'rhe caudal fin is deeply concave in all specimens.

The specimens referred to in the foregoing paragraph a unpigmented retain a
few dark markings, essentially as in much smaller fish. The pigmented ones already

FIGURE 15.-Laqooon rhombolde,. From a specimen 18 rom long.

a,re more or less greenish in life. The preserved specimens, as seen under magnifica­
tion, are profusely dotted with black; these dots being concentrated in certain places
Where they form cross bars. The dark spots extend more or less on the dorsal and
anal fins (fig. 15).
. Specimens 25 to 30 mm long.-The body is strongly compre sed and it ha con­

tinued to increase in depth, which now is contained 2.5 to 3.0 in the length without
the caudill fin, proportion found also in adults. Th dorsal profile is strongly ele­
Vated .and round, being much more strongly curved thlln th ventral outline. The
head is rather short and deep, being contained 2.8 to 3.1 times in the length without the
caUdal fin; the snout remains blunter llnd proportionately shorter than in the adult,
3.~ to 3.8 in head; eye 3.1 to 3.5. The mouth has become almost horizontal, the gape
beUlg wholly below the eye; the maxillary l' ache slightly past the anterior margin
of the eye; and tho anterior teeth are somewhat enlarged. The exposed tips of the
~l1terior teeth are pointed, and under magnification it is evident that these tips aris
ll1 pairs from a common base. The body i fully caled; the pectoral and ventral
fins remain shorter than in adults; the first 60ft ray of the 'Ventral retains a hort
filament, which reaches the origin of the anal; and the second anal spine already is
stronger than the third one, though not as much so as in the adult.
1 In the general color pattern spe imen 30 mm 10 g d not diff r great! from
arger fish (fig. 16). .
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Specimens 40 mm and upward in length.-The body is quite variable in depth
among individuals, and it may be deeper in rather smaller fish than in much larger
ones. For example, the depth is contained 2.3 times in the length to the base of the
caudal in a 40-mm specimen, whereas in a 125-mm one it is contained 2.6 times. The
snout continues to become more pointed and proportionately longer with age, being
contained 3.1 times in the head in a 40-mm fish and 2.5 times in 165-mm ones. The
mouth has become horizontal and much below the eye, and the teeth already are
broad and well notched in fish 40 mm long. The caudal fin becomes more deeply
forked with age, and the lobes become more sharply pointed. The pectoral and
ventral fins increase in length and become pointed with age. The pectoral fins reach
the vertical from the vent in specimens about 40 mm long, whereas in large specimens
they reach beyond the origin of the anal. Specimens up to about 100 mm in length
retain the filament on the first soft ray of the ventral which thereafter decreases in
length and is missing in large fish. The second anal spine, though already longer
and stronger than the third in 40-mm fish, increases considerably in thickness in
larger fish.

FIGUR& 16.-Lagodon rhombolde,. From a speelmen 'rT InJD long.

The color is extremely variable. Dark cross bars are present in all specimens
at hand, though variable in intensity. Furthermore, some specimens have prominent
alternating bluish- and yellowish-green longitudinal lines which are indistinct or want·
ing in others (fig. 17).

DISTRIBUTION OF THE YOUNG

The smallest young (5.0 to 10 mm in length) secured were all collected offshol'e
or in or near Beaufort Inlet. These young presumably were en route from the spawn·
ing grounds to inshore waters. Exactly where spawning take place is not known.
However, the indications are that it occurs a considerable distance offshore. The
early larvae (under 5.0 mm in length), missing in the collections, which were made
within 12 or 13 miles from the shore, would be expected to occur near the spawning
grounds, as such small fish, lacking self-directive powers, could not have drifted far.
The discovery of the habitat of these early young therefore remains for future in­
vestigation, but appa'rently should be sought a considerable distance offshore.
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The smallest fry collected, ranging from 5.0 to 10 mIn in length, were nearly all
taken with I-meter tow nets, and mostly at the surface. Young ranging upward of
10 mm in length enter the sounds and bays and estuaries freely, though some remain
in the open outside waters until a length of about 20 mIn or more is attained. After
the fish enter the inshore waters they tend to settle more or less on the bottom.

Many of the young after entering the inshore waters occupy areas overgrown
with eelgrass or other bottom growths, a habitat also occupied by their relatives,
the young sheepshead. .

It is interesting that the fish occupying the weedy areas become pigmented
much earlier than those remaining in open water. In the description of young 18
to 20 mIn in length it is shown that some specimens are well pigmented at a length
of 18 mm and a few o.t even a smaller size, whereas others still are virtually unpig-

FIOUlU: 17.-Lagodon rhomboid... From a specimen 63 mm )onc.

lllented when 20 mm long. It is shown, nl 0, that a pronounced deepening of the
body occurs simultaneously. In every instance the specimens acquiring pigmenta­
tion, as well as the d eper body arly, were collected in weedy areas, whereas the
large (up to 20 nun in length) unpigmented ones were taken in open water.

During the winter (December to February) young ranging from about 12 to
~6 nun in length are often numerous in the deeper channels, in the sounds and estuaries,
In CompnDy with young croakers nnd spots of about the same size. At this sea on of
the year large schools of young pinfish, and spots, were frequently seen in quiet coves
?f the breakwater ond jetties along the eastern shore of Pivers Island. When wint l'

IS over young pin£sh are not abundant in the deeper channels, as they then chi fly
?ccupy the shallow weeded aleas; and they are seen also around piers, breakwaters,
Jetties, wrecks, etc., where presumably they find the food they need, which seems to
be virtually identical with that of the heep head (see p. 532).
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GROWTH

The rate of growth of the pinfish during the first several months of life, as shown
in figure 11, is very slow, owing no doubt to the cold weather of winter. Other
common fall- and winter-spawned fish, such as the spot and the croaker, also grow
slowly at first (Hildebrand and Cable, 1930, pp. 426 and 443). However, in May
when the water became warmer, and food probably became more plentiful, tho
fish began to grow rather rapidly, and this rate of growth apparently was maintained
for severn I months, not slowing down again until after September.

According to measurements taken the fish ranged from 50 to more than 100 mm
in length when a year old. Since the average length of the usual catch of adult
pinfish at Beaufort probably does not exceed 150 mm (6 inches) early maturity is
probablo. As some of the fast-growing fish already exceeded a length of 100 mm (4
inches) at one yoar of age, it seems highly probable that the faster-growing fish spawn
in their second year.

ARCHOSARGUS PROBATOCEPHALUS (WALBAUM). SHEEPSHEAD

The eggs of the sheepshead are known only from a brief account by Rathbun
(1892, p. LIX; republished in "A Manual of Fish Culture", 1898, pp. 224-225; and
revised edition, 1904, pp. 226-227). They are described as transparent, buoyant,
about one thirty-second inch (about 0.8 mm) in diameter, requiring 1,600,000 eggs to
fill a fluid quart. The eggs hatched in about 40 hours in a water temperature of 76°
or 77° F. Unfortunately the development of the embryo was not studied, the work
having been carried on aboard the Fisheries steamer Fish Hawk merely with the view
of working out practical means of propagation. Neither were the young described
beyond stating that they are "* * * very small, but active and strong and with­
stand considerable rough handling."

It is not yet possible to add anything to the foregoing meager account of the eggs.
Nor is it possible to give a complete picture of the development of the young. We
cun give an account only of the development of the young of about 6 mm and upward
in length. Sucb fish are much smaller, however, than any previously described. The
very small size at which the young acquire the characters of the adult. us shown sub­
sequently, is quito remarkable.

The salt water shcepshead is of wide distribution, ranging from Cape Cod, Mass.
(rarely to the Bay of Fundy), south to Tampico, Mexico. At Beaufort, N. C., it is a
year-round resident, though more numerous in the summer than winter.

The sheepshead is sought not only by commercial fishermen, but also extensively by
anglers, as it is one of the gamest of salt-water fishes. It is a food fish of excellent flavor
and brings a good price in the market. It attains a maximum weight of 30 pounds
according to published reports. However, the largest one which we saw at Beaufort,
during 10 years of intermittent angling, collecting, and observation of fishermen's
catches, was a female weighing 12 pounds (length not recorded). This fish was taken
in a seine on Shackleford Banks (inside) by commercial fishermen. Fish weighing
from 1 to 2 pounds (11 to 15 inches long) make up the principal catch of the angler
locally, though individuals up to 5 pounds (20 inches in length) are not rare.

CHARACTERS OF THE ADULT

Adult sheepshend are characterized by the oblong, deep, compressed body, crossed
by about seven black bars on a greenish-yellow background. The mouth is rather
s~all, nearly horizontal, and is provided in front with incisor teeth, which are ,entirely
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or only slightly notched (not deeply notched as in some related species). The posterior
teeth are composed of strong molars, which are used for crushing crustaceans and
mollusks. The dorsal fin is long and continuous, being composed of 11 or 12 strong
spines and 11 to 13 soft rays, and it is preceded by a short spine directed forward
(more or lcss imbedded in large specimens). The caudal fin is forked; the anal con­
sists of 3 sharp spines (the second one the largest) and 10 or 11 soft rays; and the
pectoral fins are long, reaching to or beyond the origin of the anal. Vertebrae 9+15.

SPAWNING

No opportunity was found to examine a large number of sheepshead as to the
development of the gonads. Of the comparatively few fish examined in the spring,
when spawning evidentally takes place (many more specimens became available for
dissection during the summer and fall) only one fish, taken June 16 (1926), contained
fairly well developed roe. Therefore, little information was gained from that source.
Neither were the eggs secured, or if so they were not recognized.3 Therefore, the
period of time when comparntively small young llppeared in the collections must
serve as the chief indication of the time and duration of spawning. As very small
YOung, under 6 mm in length, arc not representf'd, the spawning areas in the vicinity
of Beaufort cannot be determined from the collections.

According to Rathbun (1892) the sheepshead spawns along sandy shores in
Southwestern Florida. A sandy shore is not the usual habitat of the sheepshead,
which lives principally among rocks, piers, breakwaters, wrecks, sunken logs, and
debris, and in Florida among mangroves. Therefore, it seems to leave its customary
habitat to carry out its reproductive activities. Efforts were made repeatedly to
catch ripe adults and the larvae on sandy shores in the vicinity of Beaufort, but with­
out much success. The smoJIest specimen taken, however, was caught in Shacklefonl
Channel, just off a sandy beach. All the other smaller young, rnnging from 7.5 to
65 mm in length, were caught in "meadows" of seaweeds. Since the eggs are pelagic
the larvae, also, no doubt, are pelagic. However, the young fish seem to abandon
this habitat early in life, as indicated by the collections at hand.

Rathbun (1892) stated, furthermore, that it was necessary to haul the nets after
4 o'clock in the afternoon to catch ripe femnIes, the best time being about sunset.
Late evening spawning seems to be quite general among marine fishes producing
Pelagic eggs.

The smallest young seeured at Beaufort was taken on May 20 (1930), in a tow
net hauled at the surface in Shackleford Channel. This fish apparently was still
living in its larval habitat, though already well past the larval stage. Why only this
single specimen was taken in the pelagic stage cannot be explained, as great effort
Was made to secure others, mnny hauls with tow nets having been made in the same
general vicinity from 1927 to 1931. Apparently the fish simply were not there.
The next smallest young, ranging from 7.5 to 18 mm in length, were caught June 21
(1926), with a bobbinet seine hauled in eelgrass along the shores of Pivers Island.
SlDall young, 11 to 21 mm in length, were taken as late as July 8 (1931). Thereafter
they ran larger in size. However, a few specimens of 19 to 21 mm in length, and on(l
25 lDm long, were taken as early as June 14 (1929). The range in length of the young
Collected each month, arranged in 5-mm groups, is shown in figure 23.- .

I The seversl YMrs of experIence gal,,8d III elldeavorlng to Identtfy marlbe·n5h eggs taken In tow taught us that the task 18 very
d1flleult. A81de from the many that ohvl ou~ly were unknown. we never could be quite certain tbet we feOOgnlted all tbe Ipecl88
InClUded among the supposedly known 011811. To geln an Idea 01 the great similarity 01 the eggs 01 some 01 the common marine speoles
the reader Is relerred to earlier papers (1930 and 1934) by the writers.
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Fish 6 to 8 mm long probably are not over 2 weeks old, but individuals 19 to 25
mm long, judging from the rate of growth of other species for which more data are at
hand, may be 4 to 6 weeks old. It may be concluded, then, from the dates when
young fish were caught, given in the preceding paragraph, supported by the single
female with developing roe caught on June 16 (1926), that the sheepshead spawns
from sometime in April to perhaps the latter part of June in the vicinity of Beaufort.

DESCRIPTIONS OF THE YOUNG

Specimens under 6 mm in length have not been taken. Therefore, the larvae,
as already stated, remain unknown. The small size at which young sheepshead
acquire the characters of the adults is remarkable.

Specimen 6.0 mm long.-A single specimen with a damaged caudal fin of about
6.0 mm (5.2 mm to base of caudal) in length is at hand. This fish already is well
past the larval stage, as will be brought out in the following description.

Body elongate, compressed, its depth 3.4 times in length to base of caudal; head
rather short, compressed, 3.0 in length to base of caudal; snout short, blunt, with
rounded profile, 4.2 in head; eye wholly lateral, rather small for such a young fish,
3.1 in head; mouth small, oblique, almost terminal; maxillary reaching about to pupil;
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FIGURE 18.-A,cho8aTgu8 probatoctpllalu.. From a specimen about 6 mm long.

preopercular spines present, but very short; vent a little behind midbody length;
notochord bent upward posteriorly as usual in young teleosts having homocercal tails;
myomeres about 27 (vertebrae in adults 9+15=24). The fins are remarkably well
developed for such a small fish. Dorsal spines very short, about 7 discernible at this
size (adults with 11 or 12); soft rays 12 (11 to 13 in adults); caudal fin with well devel­
oped rays (broken); anal fin with 13 rays, the spines not well differentiated (adults
with 3 spines and 10 or 11 soft rays); ventral fins not yet discernible; pectoral fins
broad, damaged, apparently rather short.

The general color of this preserved specimen is brownish, without very definite
markings. Median ventral line with three obscure dark spots, one slightly behind
isthmus, another below vertical from base of pectorals and the third one a very short
distance in front of vent. A slight dark coloration is evident on side just posterior to
vent, and two dark specks are present on the base of the anal fin (fig. 18).

Specimen 7.5 mm long.-A single specimen with a damaged caudal fin of about
7.5 mm (6.25 mm to base of caudal) in length is at hand. A fairly complete description
of this specimen when fresh, was prepared. It was then about 8 mm long, having
shrunken somewhat during preservation.
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The differences between this specimen and the smaller one already described are
not pronounced, except in color. The body has become somewhat more slender, the
depth now being contained 3.9 times in the length to base of caudal, and the head
l'emains short, compressed, 3.7 times in length to base of caudal. The snout also
l'emains short, blunt, with a steep profile, only a little shorter than the eye, and is
contained 3.0 times in the head. The mouth is slightly less oblique than in the smaller
specimen.. The dorsal spines remain short and feeble, though 13, the full number
(11 to 13) present in the adult, may be counted. The three anal spines now are
differentiated. However, the spines are more retarded in development than the soft
l'ays. The caudal fin (broken now) was described as "slightly concave" in the field
notes. The ventral fins are quite evident, though minute, being scarcely longer than
pupil, and are inserted very slightly behind the base of the rather broad well-developed
pectorals.

The color of a fresh specimen is described in the field notes in part as, "pale,
without cross bars, though small dark chromatophores are present along the side of
body, but not yet forming cross bars." However, the preserved specimen does show
an arrangement of chromatophores which suggest a bar between the anterior part of
the soft dorsal and anal, and another just posterior to these fins (see fig. 19), precisely
where bars are present in larger fish. The upper margin of the eye in the fresh

FIGURE 19.-ArcIIOBarolU probatocephaluB. From 8 specimen 7.5 111m long.

specimen was dark, and black chromatophores were present on the interorbital and
also along the chest, abdomen, and base of anal. The three obscure dark spots along
the median vental line in the smaller fish described persist in the larger one, the
posterior one situated somewhat in advl1nce of the vent having become rttther more
prominent (fig. 19).

Specimens 10 to 12 mm long.-Seveml specimens ranging from about 10 to 12 mm
in length were collected. These fish already resemble the adults so much that they
are not difficult to identify.

The body has become deeper, and it is much more robust, the depth being con­
tained about 3.0 to 3.2 times in the length to base of caudal. The head has become
notably broader and is now contained 3.0 to 3.25 in the length. The snout remains
~hort, rounded, with a steep profile, and much shorter than the eye, its length 4.3 to 4.7
In head; eye 3.0 in head. The mouth remains small, slightly oblique, and nearly
terminal, the maxillary reaching about to pupil. The lateral line ha~ made its appear­
ance, being represented by a few pores anteriorly. The body is almost fully covered
With scales at a length of 12 mm, though not so indicated in figure 20. The dorsal
and anal spines are much better developed, but still proportionately much shorter
~han in adults. The caudal fin is distinctly concave, and the ventral fins have
Increased greatly in length, being longer than eye and reaching nearly to vent.
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Pigmentation has progressed rapidly, though it is not complete. Individual
chromatophores are present everywhere and are concentrated in definite areas to
form bars which are not developed equally early in all specimens. Usually, however,
they are more or less definite in specimens 10 rom long, quite distinct in 12-rom fish,
and generally 7 in number, as in the adult (fig. 20).

Specimens 15 to 18 mm lang.-The body has become somewhat deeper, the depth
now being contained about 2.9 in the length to base of caudal. The head remains
short and deep, about 3.0 in length. The snout is a little less blunt and slightly
longer, about 4.1 in head; eye longer than snout, about 3.0 in head. The mouth

---" -

FIGUltIl 2O.-A,c1lo8a,gm p,obatocepludlU. From a spoolmen 12 mm long.

FJOUltlE 21.-ATc1IoIa,uUl pTobatouphallU. From a speelmen 17 mm long.

remains small, slightly oblique, the gape anteriorly being nearly on the level with the
lower margin of the eye; maxillary reaching slightly past anterior margin of eye.
Preopercular spines,' pre ent in malleI' fish, no longer are evident. The lateral line
generally is rather fully developed in specimens 18 mm long, and the body is covered
with scales. The dorsal spines have increased in proportionate length, but remain
notably shorter than the soft rays. The anal spines are well developed, the second
one already being the strongest as in the adult. The outer unbranched ray of the
ventral is not yet fully developed as a spine; the second ray with a free filament
distally, frequently reaching origin of anal.

Specimens 18 mm long, in the fresh state, have the general color of the adult,
including the characteristic black cross bars (fig. 21).
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Specimens 25 to 30 mm lang.-The body has increased still further in depth, which
is now contained about 2.3 to 2.5 in the length to the base of the caudal. The head
has become longer, 2.8 to 2.9 in length. The snout is longer and more pointed, 3.4
to 3.7 in head; eye longer than snout, 2.6 to 2.9 in head. The mouth is nearly hori­
zontal, and wholly bolow the lower margin of the eye; maxillary scarcely reaching
past anterior margin of eye. The lateral line is fully developed. The dorsal spines
are strong and proportionately about as high as in adults; those of the anal also as
in adults, the second one notably longer and stronger than the others. The caudal
fin is slightly forked as in large individual. The filament on next to the outermost
ray of the ventral per ists, reaching about to the origin of the anal, the outermost ray
now being developed quite definitely as a spine. The pectoral fin has increased some­
What in length, its distal margin, instead of being round as in the smaller fish is now
oblique, the longest rays being in the upper half of the fin, reaching nenrly to origin
of anal.

FIOtlJlI 22.-ArMOfcrgtu problliocepilaitu. From a specImen SO mm long.

The general color of the adults develops early, as already shown. Scarcely any
changes of note have developed since a length of 18 rom or so was attained. Some
specimens, though not all, have the ventrals quite black (fig. 22).

Specimens 60 to 60 mm lang.-The fish have continued to increase in depth, and
are now proportionately as deep as large specimens, depth 2.0 to 2.1 in length to bn e
of caudal. The snout has become proportionately longer and more pointed, though
still notably shorter than in large individuals, equal to or a little longer than the ey ,
2.8 to 3.1 in head; eye 2.8 to 3.3. The incisor teeth now are prominent, and the
Posterior molarial teeth are strong. The pectoral fin has acquired the shape it will
retain, the fourth ray being longest with the rays below becoming shorter gradually,
making the lower posterior margin straight and oblique. The ventral filament has
become proportionately shorter, reaching vent in some specimens llnd to origin of
anal in others.
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The color, though somewhat variable, does not differ from that of somewhat
smaller and larger fish. Some specimens have two dark spots on the base of the
caudal fin which are missing in others. Many specimens have the ventral fins mostly
black, and most individuals have a definite dark shoulder spot near the beginning
of the lateral line, partly in and partly in advance of the second cross bar.

Specimens 75 mm and upward in length.-Although the proportionate depth of
large specimens is attained when the fish reach a length of 50 to 60 mm, a pronounced
change in the shape of the head and snout takes place as the fish continues to grow.
The upper profile becomes notably more gently elevated, and the snout proportion­
ately much longer and more pointed. In specimens about 75 mm long the snout
(measured from anterior margin of eye to tip of upper jaw) is contained about 2.6
times in the head; in specimens about 100 mm in length, 2.3; and in specimens about
225 mm long, 2.1 times. The eye, as usual, becomes proportionately smaller as the
fish grows, but the difference in the present species is unusually great. In fish about
75 mm long it is contained about 3.2 in head; in specimens 100 mm long, 3.5; and in
specimens 225 mm long, about 4.5 times. The ventral filament continues to become
shorter until it is scarcely longer than the longest rays in specimens around 100 mm
in length, and soon disappears entirely.

DISTRIBUTION OF THE YOUNC

It has been pointed out that the early young (larvae) were not taken. Therefore,
we cannot state where they live. However, Rathbun (1892) stated that spawning
apparently takes place along sandy shores. The early young presumably are pelagic
as they are hatched from floating eggs, and would be expected to occur not far from
where the eggs are spawned. In an extensive search made in the vicinity of Beaufort
for the eggs and larvae none were found. All the young at hand, except the smallest
one, were seined from eelgrass and other growths in shallow water. The smnllest
specimen, which is about 6.0 mm long (caudal fin damaged), was taken in Shackleford
Channel along a sandy beach. However, this specimen already had fins and no doubt
was capable of self-directive swimming. Therefore, it may not have been very near
the place where it was hatched, though it still seemed to be pelagic. It is evident, then,
that no new information as to the abode of the larvae can be added at this time.

'When the young attain a length of about 7 to 8 mm they settle down in shallow
water where an abundant growth of seaweeds is present. In 1926 and 1927, before
the eelgrass began to disappear, young sheepshead, ranging in length upward of
8.0 mm, were common to numerous along the south shores of Pivel'S Island, Beaufort,
N. C., where most of the specimens upon which the present study is based were taken
by "cutting", as far as possible, a bobbinet seine through dense growths of eelgrass.
There the young remained until they reached a length of about 40 mm. Thereafter
they seemed to become less abundant, though some stayed until they attained a
length of 60 mm or so, when they left to occupy the habitat of the adults, which
already has been described.

When the young sheepshead has attained a length of about 40 to 50 mm the teeth
are developed essentially as in the adult and thereafter they may be observed along
stone jetties, breakwaters, around piers, and wrecks where larger fish also live.

FOOD

The chief food of young sheepshead, ranging from 9.0 to 55 rom in length, while
dwelling in shallow water in weeded areas, according to the contents of 111 stomachs,
is copepods. Those under 30 mm in length utilized ostracods, which were rarely eaten
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by larger fish. Gammarus were sparingly eaten by the smaller fish, but abundantly
by the larger ones. Small mollusks appeared early and continued to be eaten also by
the larger fish. A few worms were eaten, and also some small decapod crustaceans,
especially shrimp.

In addition to the animal foods named filamentous alga was present in such
abundance in the stomachs of fish ranging from 25 to about 40 mm in length that it
quite certainly was not taken by q,ccident. Some stomachs, in fact, contained ulmost
nothing else. It seems definitely to constitute a part of the food of fish of the size
range mentioned. Larger fish ate of it more sparingly if at all.

The food of adults consists chiefly of mollusks and crustaceans which the fish
find numerous along the breakwaters, piers, wrecks, etc., where the adult fish live.
A favorite bait at Beaufort is the fiddlar crub. The teeth of the sheepshead, described
elsewhere, are well adapted for seizing and crushing these common foods.
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GROWTH

Limited information relative to the rate of growth of the young during the first
few months of life was obtained, and none for the older ones (fig. 23). After the fish
leave their early habitat among seaweeds they no longer are obtainable in sufficient
numbers, without much effort, to follow the rate of growth.

It seems quite certain that as early as August some of the larger young of the
season already had deserted their habitat among seaweeds. Therefore, the range at
the Upper limit and consequently the average length, of those taken in the habitat of
the juveniles no longer give correct information as to the rate of growth. In September
lnany young definitely had moved away from their earlier habitat, as the fish ha.d
become comparatively scarce, though a few remained there nearly all winter. .
. The range in length of 46 young taken among seaweed in June from 1926 to 1931,
III 7 to 25 mm. However, only one specimen, apparently a very fast growing one,
eXceeds a length of 21 mm. The average length of the 46 specimens is 12.8 mm.
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The range in length of 311 young taken during July under the same general
conditions nnd over the same number of seasons is 11 to 42 mm, the average length
being 21.8 mm.

In August the range in length of 79 specimens, from the same localities and the
same years, is 27 to 44 mm having an average length of 36.6 mm.

In September only 20 specimens, ranging in length from 38 to 47 mm, with an
average length of 42.1 mm, were secured. •

It seems probable that the measurements for July alone show fairly accurately
the range in length, as well as the average size, of the young fish for that month.
In June the smallest young of the season had not arrived in the weeded nrens. There­
fore, the lower limit of the range, and consequently the average length, are not
correct.. By August some of the larger young had left the weeded areas, and therefore
the upper end of the range, as well as the average, is incorrect. In September the
fish had gotten so scarce that with the snme fishing effort put forth each month in
1926 only 20 specimens were secured, whereas in August 69 were taken, in July 299,
and in June 36.

The data seem to justify the conclusion, however, that in June the largest young
of the current season are around 20 to 25 mm long, the lower limit of the range and
the average length being unknown. In July young range in length from about 11
to 42 mm, and the average length is close to 21.8 mm. In August the smallest
young are about 27 mm long, and in September they are around 38 mm in length,
the upper limit of the range and the average length being unknown for both monthS.

A fairly slow rate of growth seems to be indicated if the evidence produced
elsewhere, showing that spawning at Beaufort begins sometime in April and ends
near the end of June, is correct. A slow rate of growth and late maturity would
explain, in part at least, why the sheepshead has diminished rapidly under heavy
fishing, whereas other, presumably faster-growing, species have withstood it without
a serious decline.

CHAETODIPTERUS FABER (BROUSSONET). SPADEFISH

The development of the eggs and recently hatched larvae of the spadefish was
described and figured by Ryder (1887, pp. 521-523). It is possible now to describe
and figure some more advanced stages, though the series is not yet as complete as
desirable.

Professor Ryder did not state specifically that the eggs used in his study were
taken directly from ripe fish caught in Chesapeake Bay, though this apparently may
be assumed. He merely said, "This species spawns in the Chesapeake during the
latter part of June and the early part of July. It is prodigiously fertile, the female
probably discharging a million ova during a single season." It must be further
stated, however, that the number of eggs deposited probably depends on the size of
the female, because 1arge fish generally, if not always, produce more eggs than smaller
ones of the same species.

The eggs were not seen by us. Ryder states that they are pelagic, "somewhat
over a millimeter in diameter", and have a single oil globule. Cleavage took place
rapidly, as only an hour intervened between the first cleavage and the morula stage.
Hatching took place in about 24 hours in a water temperature of 80° F. . .

The newly hatched fish were "about 2.5 mm in length." In 63 hours the yolk
was nearly all absorbed, young fish had increased greatly in depth, and were nearly
4.0 mm long. The snout was very blunt, the mouth (according to the figure) was



DEVELOPMENT AND LH'E HISTORY OF SOME TELEOSTS 535

large and somewhat oblique, with the lower jaw projecting. An aggregation of
pigment cells formed indications of a band above the base of the pectoral, and
another at about midcaudal length.

The specimens forming the basis of the present study were collected mostly at
Beaufort, N. C. Other young were taken on the coast of Georgia and on the Gulf
Coast of the United States. Unfortunately, stages in development connecting directly
with the largest larvae described by Ryder are not at hand. The smallest specimen
in the collections, identified as a spadefish, is only about 2.5 mm long in the pre­
served state. Although this larva is shorter than the oldest one described by Ryder,
which was about 4.0 mm long when alive or fresh, it is much further advanced in
development, showing apparently that much shrinkage took place during the harden­
ing process. The characters connecting this larva with the younger ones described
by Ryder are pointed out in the description of the specimen.

The spadefish is known in some localities as angel fish and also as moonfish.
At Beaufort it is called porgee (or pogee), a name also heard in the lower Chesapeake.
This species ranges from Cape Cod, Mass., at least as far south as Rio de Jnneiro, Brazil.
It is not common north of Chesnpeake Buy. On the Atlantic coast of Panama it
is one of the common food fishes, and is seen in the market almost daily. It is not
caught in large quantities on the coast of the United States. Indeed, the statistical
report of the Bureau of Fisheries for 1935 lists a cntch of only 6,000 pounds, which
Was made in North Carolina. However, the fish is taken commercially all along the
Atlantic and Gulf coasts from Chesapeake Bny soutlnvard. It is a fish of good
flavor and always in demand. Consequently, much of the catch is consumed locally
and it often does not enter the markets. Therefore, it fails to get into the records,
Which do not show its full importance as a food fish.

The spadefish is a summer resident at Beaufort, where it arrives in May and
departs by about the beginning of October. At Key West, Fla., it is present the entire
Year, though most common during the summer. The species tends to congregate in
slllall schools. It is caught chiefly with seines. However, it will take a hook baited
with small bits of meat. Because of its small mouth, small hooks must be used.
Furthermore, because of its tendency to nibble instead of swallowing the bait, consider­
able patience and skill must be exercised by the angler. If he is successful in hooking
one, a good fight follows.

CHARACTERS OF THE ADULT

The spadefish belongs to the family Ephippidae, of which it is the only repre­
sentative on the Atlantic coast of America. It is readily recognized by the very
short, deep, compressed body which is only a little longer than deep. The teeth in
~he jaws are in brushlike bands, the outer series being slightly enlarged. In large
Individuals the nnterior rays of the second dorsal and anal are considerably produced,
and the caudal fin is deeply lunate. Fish under a foot or so in length bear four to
six broad black cross bars, which tend to fade in large individuals. The ground color
varies from brown to silvery green.
. The maximum size of the spadefish is given as 20 pounds. However, fish weigh­
Ing as much as 12 pounds are comparatively rare. The average weight of the fish
seen in the Beaufort market probably did not exceed 1}~ pounds, and those in the
Colon, Panama, market were even smaller.

154979--38-3
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SPAWNING

According to Ryder (1887, p. 521) the spadefish spawns III Chesapeake Bay
during the latter part of June and the early part of July. Hildebrand and Schroeder
(1928, p. 307) stated, "Fish with well-developed roe were taken at Crisfield, Md.,
on May 26,1916," and Smith (1907, p. 335) said "At Beaufort, ripe male and female
fish have been found early in June." We can add to these observations only that we
saw some females with developing roe at Beaufort on May 25, 1916.

The eggs either were not taken, or not recognized if taken, during the investigation
at Beaufort. The scarcity of the young locally indicates that the vicinity of Beaufort
is not an important spawning area.

The smallest larva caught, which is about 2.5 mm long, was taken July 11 (1929).
The next smallest one, which is about 4.25 mm long, was caught July 12 (1915);
another small one, 9 mm long, was taken July 9 (1930); and still another one, 17 mm
long, August 16 (1916). Larger young were taken locally in 1930 as follows: 10,
ranging in length from 49 to 62 mm, August 23; 21, varying in length from 57 to 86
mm, from September 4 to 16; and 1 each on October 18 and 21, respectively, 72 and
74 mm long. These young no doubt are all in their first summer. Their size, espe­
cially that of the smallest ones, suggests that at Beaufort spawning takes place at
least during June, as indicated also by the few observations of ripe and ripening fish
reported in a preceding paragraph. A definite determination of the duration of
spawning, however, remains for future determination.

The 3 smallest young were all taken at sea, suggesting that the fish may spawn
offshore. Offshore spawning is indicated, furthermore, by the absence of small
fish under about 15 mm in length, in the extensive and thorough collecting done in the
inside waters in the vicinity of Beaufort.

DESCRIPTIONS OF THE YOUNG

Specimen about 2.5 mm long.-A single specimen of this size is at hand. The
body is deep anteriorly, decreasing greatly in depth just posterior to the vent, the
greatest depth being contained 1.9 times in the length to the end of the notochord.
The head is very deep, with a steep profile, which is slightly concave just above upper
jaw. The snout is short and blunt, and not quite as long as the eye. The mouth is
strongly oblique, the gape anteriorly being on a level with the middle of the eye, and
the maJl:illary reaches opposite the posterior margin of the pupil. The preopercular
margin is provided with a few prominent spines, and a sharp transparent dermal
crest is present on the occiput. The notochord remains straight. The primitive
vertical fin membranes persist and contain only slight indications of rays where the
soft dorsal, caudal, and anal develop later in life. The ventral fins are not evident,
but the pectorals are short and broad.

The general color of the preserved specimen is pale gray. Several dark chro­
matophores are present on the chest and the abdomen, and also a few on the gill
covers (fig. 24). '

This specimen resembles the largest larvae described by Ryder (1887, p. 522) in
having a deep body, which seems to have grown much deeper in the older fish herein
described. It, also, resembles the Y01mger fish in the steep anterior profile and
oblique mouth. The younger larvae had dark chromatophores on the abdomen,
which have been retained by the older one at hand. However, no indications of dark
chromatophores, suggesting bands (one above the base of the pectoral and another at
midcaudal length), described and illustrated for the younger larvae by Ryder, are
evident in the fish before us. Ryder does not mention nor illustrate a dermal ridge
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or crest at the occiput, present in the specimen herein described, and retained by some­
What larger fish. It may be assumed, therefore, that the ridge is not present in the
early larvae. This ridge is suggestive of the crest bearing a spine in the young fool
fishes (Monacanthus).

Specimen about 4.25 mm long.-Only one specimen of this length is at hand.
The body remains deep anteriorly, but no longer decreuses as abruptly in depth just
posterior to the vent as in the smaller specimen already described. However, the
body tapers sharply posteriorly. Its greatest depth is contained 1.7 times in the
length to the end of the notochord. The head remains deep, with a somewhat more
sloping anterior profile. Its length is contained 2.9 times in the length to the end of
the notochord. The snout remains shorter than the eye, and the mouth is quite
oblique, the gape anteriorly being about on a level with the lower margin of the pupil.
The maxillary reaches below the middle of the eye. The crest or ridge on the head
remains prominent, and slightly spinelike. The spines on the preopercular margin
persist, but are less prominent. The notochord now is bent upward posteriorly, and

FIGURE 24.-C1Iaetodipterm faber. From a specimen 2.5 mm long.

below it are rather well developed rays, forming a moderately long caudal fin, the shape
of which cannot be determined definitely because of the damll.ged condition of the fin,
but it presumably hll.d a round mll.rgin as in somewhll.t larger fish. The spines in the
dorsal and anal fins are more retarded in development than the soft rays and cannot
be enumerated definitely. About 23 soft rays may be counted in the dorsal and 20
in the anal. The pectoral fins are broken, and the ventral fins appear as mere tufts
of dermis.

The preserved specimen at hand is very dark, ll.pparently having become darkened
by the action of a chemical in the denatured alcohol used. However, blll.ck cbroma­
tophores are visible along the side of the abdomen, on the head and back, and at
lIlidcaudallength. The last-mentioned ones are concentrated and slightly suggestive
of a cross bar, shown by Ryder (1887, p. 522) for much YOlmger fish, (fig. 25).

Specimen .9.0 mm long.-The body remains short and deep and has become some­
What more robust, the greatest depth being contained 1.8 times in the length without
the caudal fin. The dorsal profile remains quite steep anteriorly, and rather more
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strongly cmved than the ventral outline. The head has become broader. It is
scarcely as deep as in smaller fish, and its length is contained 2.5 times in the length
without the caudal fin. The snout remains blunt and shorter than the eye, being
contained 4.2 times in the head, whereas the eye is contained 3.1 times. The mouth
has become less strongly oblique, the gape being wholly below the eye, and the maxil­
lary scarcely reaches beyond the anterior margin of the eye. Small pointed teeth
now are evident in the jaws. Preopercular spines remain quite prominent. The
dermal crest, or ridge, at the occiput has become proportionately shorter, and ends
in a blunt spinelike point. The body now is covered with blunt spinelike plates,
scarcely resembling cale (not shown in fig. 26), and the upper surface of the head
(where the plates are missing) bears short hairlike spines. The fins are all developed
and have the usual number of pines and soft rays present in adults. However, the
spines still are somewhat retarded in development and proportionately shorter than
in the adult. The margins of the vertical fms are all rounded. The ventral fins are
quite large, and exceed the length of the pectorals.

FIGURE 25.-Chaelodipltru,jabu. From n specimen 4.25 mm long.

The genel'lll color of the preserved specimen is dark brown. Dark chromato­
phores present in younger fish ond in large specimens at hand are not visible in the
9.0 rom specimen. A few dusl y markings are present at the shoulder. The soft
dorsal, caudal and anal are colorless, but the ventrals are dark brown (fig. 26).

Specimen 11 mm long.-The body is proportionately a little deeper than in the
9.0-mm fish, the depth now being contained 1.5 times in the length without the caudal
fin. The general shape of the head, and the proportions of the eye and snout ha-vc
changed little. The preopercular spines have become rather shorter and blunter,
and the occipital ridge of smaller fish now is represented by a small blunt projection.
The lateral line is well developed. The scales no longer look like plates, and the spinY
projections on them are smaller. The hairlike spines on the head, noted in the
9.0 rom specimen, have become minute. The dOl al spines have increased in length,
but remain proportionately shorter than in larger fish. The ventral fins have con­
tinued to increase in length, and now reach the vent.

The general color is brownish, and the head and body nearly overywhere are
dotted with black chromatophores. An indefinite pale crossbar on the back of the
head extends down on the preopercle. The ventral fins are black, and spinous parts
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of the dorsal and anal are brownish and dotted with black, but the rest of these fins
and the caudal and pectorals are entirely colorless (fig. 27).

Specimens 15 to 18 mm long.-The differences between these larger specimens
and the 11 mm one are not great. The depth remains proportionately about the same,
being contained 1.4 to 1.6 times in the length without the caudal fin. The snout,

FIGURE 26.-Ghaetodlptmu faber. From 8 spoo!men 9 mm long.

FIGURE 27.-Ghaetodipteru8!abtr. FroID 8 specimen U.S mm long.

Which is short81' than the eye in younger fi h, now is a long as the eye. The mouth
is nearly horizontnl and terminal, and the maxillary reaches carcely to the eye.
The pI' opercular spines have become quite small, and the occipital ridge is missing.

ales are well developed; they extend forward on the head to interorbital, and are
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strongly ctenoid. Very short hairlike spines remain visible on the head. The lobes
of the soft dorsal and anal are high, and slightly pointed. The caudal fin, also, is
somewhat pointed. The pectoral fins remain moderately short and rounded, whereas
the ventral fins have increased still further in length, reaching fully to the origin
of the a,nal.

The general color is brownish, some specimens being much darker brown than
others. Dark dots are visible on the lighter-colored specimens, much as in the ll-mrn
specimen, but none arc discernible in the darker ones which have scales with blackish
margins. A pale bar, extending across the nape and down on the preopercle, is very
distinct, and the snout is about equally pale. The spinous part of the dorsal, the
basal portion of the soft dorsal, as well as the basal parts of the anal and caudal are
dark brown, and become abruptly entirely colorless. The pectoral fins remain
wholly colorless, and the ventrals arc black (fig. 28).

FIGURE 28.-C/laetodipterUl jaber. From n specimen 17 mm long. (Drawn by Mrs. E. B. Deckor.)

Specimens about 20 mm long.-rrhe proportions of the head and body have not
changed measurably since a length of 18 mm was attained. The only change, worthy
of note, is that of color. The pale bar at the nape, mentioned in the preceding descrip·
tion, persists in some specimens, but is missing in others, and some specimens are
blotched along the sides with the same pale color. Three dark cross bars now are
present. The first and most distinct one crosses the interorbital, and extends through
the eye to the chest. The second one crosses the nape, and extends down on and
behind the margin of the opercle, through the base of the pectoral to the abdomen,
just behind the ventral fin. The third one extends from the base of the spinous dorsal
to the base of the anal spines. Numerous dark chromatophores still are visible on
the head and body of the lighter-colored specimens. The fins remain unchanged in
color, except that the brown color extends higher on the dorsal and anal, involving
fully the basal half of the 80ft rays.

Specimens 25 to 30 mm long.-The depth in proportion to the length of the body
has increased still further since a length of about 15 to 18 mm was attained, being
contained 1.25 times in the length without the caudal fin. The general shape of the
,body now is very similar to that of the adult. The head is proportionately shorter, as
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usual in larger fish, and is contained 2.75 in the length to the base of the caudal fin.
The eye and snout are of equal length, being contained 3.2 to 3.5 in the head. The
mouth is horizontal and terminal. The brushlike teeth are developed as in the adult.
Preopercular spines remain present, but have become very small. Scales are fully
developed, strongly ctenoid, and the hairlike spines present on the head in smaller
fish have disappeared. The lobes of the dorsal, nnal, and the Ctwdal fins remain
round. The ventral fins are long, the second ray (first soft ray) being produced and
reaching about to the base of first soft ray of the anal.

The general color of preserved specimens varies from light to dark brown. Some
specimens retain a trace of the pale bar crossing occiput, and the pale blotches of
smaller specimens. A fourth dark cross bar, extending from about the middle of the
base of soft dorsal to the base of the anal, now is more or less distinct. The dark
brownish color of the dorsal and anal extends farther on the fins, leaving only the
margins translucent. The caudal and pectorals remain translucent, and the ventral
fins are mostly black.

Specimens 4-0 to 50 mm long.-The body has continued to increase in depth, and
has attained about the proportions of full-grown fish, the greatest depth being con­
tained 1.1 to 1.2 times in the length without the caudal fin. The snout is definitely
longer than the eye, being contained 2.75 to 3.0 times in the head, whereas the eye is
contained 3.3 to 3.7 times. Preopercular spines virtually have disappeared, only a
few slight points remaining at and below the angle. In somewhat larger fish they no
longer are evident. The dorsal spines are about as high as in full-grown fish, the
third and largest one reaching the base of the last one if deflexed. Posterior to the
longest spine is a black membrane, which reaches beyond the tip of the spine. The
lobes of the soft dorsal and anal have become broadly rounded, and the caudal fin is
broadly rounded to nearly square.

The general color is not much different from that of fish 25 to 30 mm long. A
fifth black bar, situated on the caudal peduncle, however, is present. 'rhe color of
the fins remains unchanged, except that the lobes of the soft donml and anal are wholly
dark brown and the interradial membranes of the spinous dorsal are partly black
(fig. 29).

Specimens 75 mm and upward in length.-Spccimcns 40 to 45 mm long already
have acquired essentially the shape and proportions of the body of much larger fish.
However, a notable change in the shape of the soft dorsal, anal and caudal takes
place in larger fish. At a length of 75 mm the anterior soft rays of the anal in some
specimens already are produced, as in large fish, making the margin straight or even
slightly concave. The dorsal fin apparently is a little more retarded in this same
forthcoming development. The caudal fin margin is slightly rounded to nearly
straight in fish around 75 mm long.

It has been indicated already that development of the fins docs not proceed
equally in all spadefish. Thus, a specimen 90 mm long has the anterior rays of the
soft dorsal and anal produced so as to form pointed lobes, and the outer rays of the
caudal are sufficiently produced to make the margin of this fin slightly concave.
Another specimen, 105 mm in length, by contrast, still has these fins shaped essen­
tially as in specimens 40 to 45 mm long. The anterior rays of the dorsal and anal,
as well as the outer rays of the caudal continue to increase in length, though unequally
fast, as the fish grow, and become long and pointed in large individuals, often reaching
beyond the midlength of the caudal fin. The membrane behind the third dorsal
spine, already present in fish 40 to 45 mm long, which is at least somewhat longer
than the spine, persists. This spine also develops, apparently reaching its maximum
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length in fish about 135 mm (5.5 inches) long, when it reaches to or sometimes beyond
the base of the first 80ft ray of the dorsal, and thereafter it again becomes propor­
tionately shorter. In a specimen 262 mm (10.5 inches) long it reaches only to the
middle of the sixth spine if deflexed. The filament on the first soft ray of the ventral
also persists in big fish, wherein it reaches to the origin of the anal.

FIGURE 29.-Chaetodlptmu jaber. From 8 specimen 50 mm long.

The preserved' specimens vary greatly in color, ranging from pale silvery to
dark brown. Although the species is described as having four to six black bars, all
the mature individuals at hand have five, except one old one (262 mm long) which
has none. The caudal and pectorals arc trahsluccnt except in fish upward of 110 mIll

in length wherein they are brownish. The v ntrals remain black or at lea t dark
throughout life.
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DISTRIBUTION OF THE YOUNG

'Too few early young were taken to cast much light on their distribution. 'The
three smallest specimens at hand, having a length of 2.5, 4.25, and 9.0 mm were all
taken at sea, the smallest one about 6 miles off Beaufort Inlet, the intermediate one
somewhere off Southport (N. C.), and the largest a short distance west of Beaufort
Inlet. It is not known whether the intermediate specimen was taken at the surface
or bottom, but the other two were caught in bottom towings. 'The larger specimens
Were taken in inside waters in the immediate vicinity of Beaufort either with seines
or with otter trawls. Other specimens, ranging upward of 11 mm in length, from
the Gulf coast, principally from Louisiana and 'Texas, which have been studied,
presumably were nearly all taken in shallow water with seines.

GROWTH

'The literature contains little information on the rate of growth of the spade­
fish, and insufficient specimens were measured during the recent investigation at
Beaufort for definite determination. Smith (1907, p. 335) stated, "In the latter
part of August fish about 3 inches (75 mm) long may be seined in Beaufort Harbor."
Hildebrand and Schroeder (1928, p. 307) reported the cs.pture of small spadefish in
Chesapeake Bay, which they believed were in their first summer, as follows: 1 fish,
55 mm long in September; and 35 fish, ranging in length from 65 to 100 mm in
October.

Young spadefish evidently in their first summer were taken on the coast of
:North Carolina during the recent investigation as follows: 3 fish, respectively 2.5,
4.5, and 9.0 mm long, in July; 12 fish, ranging in length from 49 to 80 mm (average
length 56.6 mm) in August; 21 fish, ranging in length from 57 to 86 mm (average
length 72.1 mm) in September; and 2 fish, 72 and 74 mm long in October.

'The data presented suggest that the young fish may reach a length of about 55
to 100 mm during their first summer on the coast of North Carolina and in Chesa­
peake Bay. As a fully mature, ripening female 135 mm (5.4 inches) long was seen,
it seems probable that at least some of the fish reach that length during their second
SUmmer and that they may spawn when 2 years old.

FAMILY GOBIIDAE. GOBlES

Nine species of gobies with united ventral fins are recorded from the coast of
:North Carolina in this paper. 'fhese gobies are assigned to four genera, nllmely,
Gobiosoma (two species), Microgobius (two species), Gobionellus (four species),
and Gobius (one species). 'Three species of the genus Gobionellus appear to be new
to the fauna of North Carolina, as stated elsewhere (p. 564). 'The single species of
Gobius, namely, glaucojraenum, is known from North Carolina (Cape Lookout) from
one specimen (Gudger, 1913, p. 165), which has not been seen by us. 'This species
Will receive no further mention in this paper. It appears to differ from all the other
local species in having larger scales, about 23 transverse series on the side, and in
the shorter second dorsal and anal fins, each fin having 10 rays.

In the present study we did not succeed in collecting eggs of gobies in their native
environment. However, those of Gobiosoma b08Ci and Gobionellus boleosoma were
secured through artificial means. 'The eggs of the other species dealt with in this pnper
remain unknown. Small larvae, usually under about 8 to 10 mm in length, were
Collected principally with I-meter tow nets. 'The larger young, that is, fish from S to
10 mm And upward in length, were caught principally with especially a.dapted otter
traWls, although some were taken with beam trawls and with bobbinet seines.
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The comparative abundance at Beaufort of the young gobies discussed in this
paper indicates that the adults are more numerous than the number taken in net
collections suggests. It is probable that the adults adhere to the bottom or to objects
on the bottom by means of the ventral disk, permitting nets to pass over them. Gobio­
soma was able to escape nets quite successfully when confined in a large tank, as
explained elsewhere. (See. p. 549). This propensity of escaping nets probably is
exercised in nature by most species of gobies.

The original drawings of young and adult fish published in this paper are based
upon preserved specimens. The illustrations showing the development of eggs are
after Kuntz (1916) and were drawn from living material.

The main differences among the young of the three genera, with which this paper
deals principally, are shown in a parallel comparison of characters appearing herewith.
The adults of the local species differ from each other rather markedly. In Gobiosoma
the body is naked, or at most only two scales are present on the base of the caudal.
In Microgobius and Gobionellus, on the other hand, the body is nearly or quite fully
covered with scales. Microgobius is distinguished from Gobionellus in having a
deeper and more compressed body. Furthermore, the mouth is large and strongly
oblique, the maxillary reaching nearly opposite the middle of eye in Microgobius,
while in Gobionellus the mouth is scarcely oblique and the maxillary reaches only below
the anterior margin of the eye. The dorsal spines are 7 in number and are about
equally spaced in Microgobius, whereas Gobionellus has 6 dorsal spines, with the
last 2 notably farther apart than the others; and Microgobius has a larger second
dorsal and anal fin, each fin being composed of 16 or 17 rays, while Gobionellus has
only 11 to about 15 rays in each fin.

The eggs of the gobies of North Carolina, as already indicated, have not been
found in nature. Those of Gobio8oma b08Ci and Gobionell'u8 boleo8oma were secured by
Kuntz (1916) by stripping the ripe fish. The eggs of the first-mentioned species also
were secured recently by us. The eggs of all the other species remain unknown.
Kuntz (loc. cit.) found that the eggs of Gobiosoma bosci and Gtenogobius stigmaticu8
(=Gobionellus boleosoma) each had a bundle of adhesive threads attached to the egg
membrane. These threads no doubt serve the purpose in nature of attaching the
eggs to submerged objects.

Ehrenbaum (1905), dealing with European species, stated that the eggs of Gobius
niger are attached to plants, shells, ascidians, and stones; G. jlavescens are attached
to plants; and those of G. minutu8 to molluskan shells. Hefford (1910) found the
eggs, with an adult fish (sex not stated), of Gobiu8 paganellus "on a stone between
tide marks on the shore" at Plymouth, England. It is not stated that the adult
fish guarded the eggs. Clark (1913) stated that the eggs, with males, of Orystallo­
gobius nilssoni were found in abundance in the waters at Plymouth, England, attached
to the inside of empty tubes of Chaetopterus. Petersen (1917) figured the eggs of
four species occurr~g on the coast of Denmark, namely, Gobiu8 niger, G. ruthensparri,
G. minutus, and G. microps, showing that the eggs of each species possess an adhesive
foot. Lebour (1919) said of Gobius paganellus: "From early spring to late summer
the males may be seen guarding their eggs, which are attached to the under surface
of stones in masses." Lebour (1919) isolated several adults of Gobius ruthensparri in
a tank and one deposited eggs on the inside of an empty oyster shell. It was not
stated that the eggs were guarded by a male. Lebour (1920), who illustrated the eggs
of Gobiu8 minutus, G. microps, and G. pict7t8 with adhesive organs, stated that those
of the first-mentioned species were laid on an oyster shell, and those of the second one
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on the valve of a Pectan. The eggs of the last-named species apparently were not
found in nature, but were deposited in the aquarium on a molluskan shell.

It would seem quite certain from the knowledge gained from the study of some
American and European gobies, as shown in the preceding paragraphs, that these
little fish generally, if indeed not always, attach their eggs to submerged objects,
Where they probably are guarded by the males. In these respects the spawning
habits of the gobies agree in a large measure with the blennies, as shown in another
part of this paper.

Gobi080ma b08Ci and Gobionellu8 bole080ma are landlocked, except during extremely
high storm tides, in the Mullet Pond on Shackleford Banks near Beaufort. The
water in this pond ranges from brackish to nearly fresh. In fact, it becomes fresh
enough, at times, to support such fresh water plants as Potamogeton and filamentous
fresh water algae. Here the two species named evidently carry out their reproduc­
tive processes, as ripe adults and young fish, less than 10 mm in length, have been
collected. The bottom of the pond is quite muddy. In places luxurious growths
of plants are present, and oyster shells, as well as live oysters, are found over some
parts of the bottom. It would seem necessarv for the gobies to attach their eggs
either to plants or to oyster shells in this pond, as few other submerged objects are
present.

DISTINGUISHING CHARACTERS OF THE YOUNG OF THE GENERA GOBIOSOMA,
MICROGOBIUS, AND GOBIONELLUS.

The young of the three genera, Gobiosoma, Microgobius, and Gobionellus, dis­
cussed in the following pages are quite similar, especially when very small. The
following comparison is offered with the hope that it may be found useful. Myomere
and vertebrae counts in the three genera are almost identical, the range of vertebrae
for the three genera (of Gobionellus only bole080ma was examined) being 11 or 12 -I- 15
to 17 and cannot be used in sepnrating them and, therefore, are omitted.

Length 2.0 to 3.5 mm

Body rather deep; depth just Body as in Gobiosoma.
posterior to vent about equal
to head.

GOBIOSOMA

Vent typically well behind mid­
body length.

Eye small.
Ventral outline of body usually

with a few dark spots.

MICROGOBIUB

Vent typically at midbody
length.

Eye slightly larger.
Ventral outline usually with

more numerous black spots,
and a double row behind vent.

Length 4.0 to 5.5 mm

GOBION~~LLUB

Body extremely slender; depth
of body posterior to vent
notably less than length of
head.

Vent notably behind midbody
length.

Eye small, bulging.
Pigment spots as in Gobiosoma

or more usually wanting.

Soft dorsal and anal bases long, Soft dorsal and anal bases short,
longer than in Gobiosoma, the rays partly undeveloped.
the rays partly undeveloped.

Soft dorsal and anal bases short,
the rays developed in some
speCImens, each fin with 11 to
14 rays.

The differences listed for smaller specimens, exclusive of the position of the vent which has
changed, apply to fish 4.0 to 5.5 mm long. The two rows of dark spots behind the vent in Micro­
gobius, now lying along the opposite sides of the anal base, have become very definite and serve as
ready recognition marks.
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Length 6.0 to 7.5 mm

Soft dorsal and anal each with
11 to 14 rays.

A dark sheath present above air
bladder, not crescent-shaped.

Soft dorsal and anal each with
16 or 17 rays.

A dark sheath over air bladder
as in Gobiosoma.

Soft dorsal and anal each with
11 to 13 rays.

A distinct crescent-shaped dark
area over air bladder.

The differences listed in the shape of the body for smaller specimens apply to fish 6.0 to 7.5 mm
long.

Length 8.0 to 12 mm

Mouth large, maxillary reaching Mouth small; maxillary scarcely
opposite anterior margin of reaching opposite anterior
pupil. margin of eye.

Body anteriorly rather robust
somewhat rounded; head
slightly depressed, as broad
as deep.

Mouth rather small; maxillary
reaching about opposite an­
terior margin of eye.

Body and head
rather deep.

compressed, Body more or less round and
very slender.

The differential color markings mentioned for smaller fish remain as described in specimens
6.0 to 7.5 mm long.

Length 13 to 16 mm

Body anteriorly quite robust;
head notably depressed.

Mouth only slightly oblique,
terminal; maxillary reaching
only slightly beyond anterior
margin of eye.

Dorsal spines all about equally
spaced.

Head and body compressed
throughout.

Mouth large, strongly oblique,
terminal to slightly superior;
maxillary reaching nearly op­
posite middle of eye.

Dorsal spines as in Gobiosoma.

Body extremely slender, remain­
ing round.

Mouth moderately oblique,
small, terminal; maxillary
scarcely reaching opposite an­
terior margin of eye.

Last two dorsal spines mud)
farther apart than the others.

A COMPARISON OF THE EGGS AND THE YOUNG OF SOME AMERICAN AND
EUROPEAN GOBlES

It has been shown in the preceding paragraphs that the eggs of all the Ameri­
can and European gobies that have been studied have f1dhef'ive threads or an adhesive
foot by which the eggs become attached to submerged objects. A further comparison
of the eggs, and the young, of the American and European species shows other simi­
larities. The eggs of all the gobies, so far as they are known, are rather small. A
dozen eggs of Gobiosoma b08Ci measured by us several hours after fertilization, when
they had had time to expand, bad a length of 1.2 to 1.37 mm, and their greatest width
was 0.52 to 0.59 mm. The eggs of Otenogobiu8 stigmaticus (= Gobionellus boleosoma),
aceording to Kuntz (1916), are extremely small, having an average diameter of only
0.3 mm. The eggs of European species, too, are rather small. Ehrenbaum (1905)
gave the following lengths of the eggs for the European species named: Gobius ruthen­
sparri, 0.7 mm; G. paganellus, 1.8 to 1.9 mm; G. pict1ts, 0.8 mm.; and G. niger, 1.5 nun.
Lebour (1920) gave ~he length of the eggs of G. microps and G. minutus respectively
8S 0.85 to 1.0 and 1.08 to 1.4 mm.

The eggs of Gobiosoma bosci when first spawned, as stated by Kuntz (loc. cit.)
and verified by us, are nearly spherical. After fertilization they expand and become
eliptical, the greater axis becoming nen.rly twice as long as the lesser one. The adhesive
foot, consisting of a bundle of threads, remains attached to one pole of the longer axis.
The eggs of Gtenogobiu8 8tigmaticu8 (=Gobionellu8 boleo8oma) nccording to Kuntz (loc.
cit.) are more or less irregular or variable in shape, and they remain so throughout
the incubation period.



DEVELOPMENT AND LIFE HISTOHY OF SOME 'TELEOSTS 547

All the eggs of the European gobies that have been described or figured, so far
as the present writers are familiar with the literature, are more orless elongate. Accord­
ing to Petersen's figures (1917) the eggs of Gobius niger are very elongate, the greater
axis being about four times as long as the lesser one, and one end of the egg is larger
thaIi the other one. The adhesive foot is attached to the smaller end. The eggs of
Gobius ruthensparri, as figured by Petersen (loc. cit.) and by Lebour (1919), are more
or less pear-shaped, and the greater axis is less than 2 times as long as the lesser one.
The adhesive foot is attached to the larger end of the egg. The eggs of Gobius microps
according to Petersen's figures (loc. cit.) are very similar to those of G. ruthensparri.
However, the upper end of the egg is rather less pointed and the lower end has a slight
pedicel to which the adhesive foot is attached. Lebour (1920) stated that the eggs
of Gobius pictus are very similar to those of G. microps. The eggs of Gobius minut11s, as
figured by Petersen (loc. cit.) and also by Lebour (1920) are similar in shape to those
of G. microps, being more elongate, however, as the greater axis is nearly two times as
long as the lesser one. The adhesive foot is attached to a slight pedicel. The eggs
of Gobius paganellus, as figured by Lebour (1919), are eliptical and very similar in
shape to those of the American species, Gobiosoma bosci. The greater axis is rather
lllore than two times as long as the lesser one, lind the adhesive strands are attached
to one pole of the longer axis.

A rather remarkable similarity exists among the young of the American and
European gobies, that have been studied, as shown principally by the works of Kuntz
(1916), Petersen (1917), and Lebour (1919 and 1920), and by the present pnper. The
newly hatched larvae are of a small to a moderate size. Kuntz (loc. cit.) gave the
length of the newly hatched Inrvae of the American species, Gobiosoma bosci and
Gobionellus boleosoma, respectively as 2.0 and 1.2 mm; Lebour (1919) stated that the
newly hatched larvae of the European species, Gobius paganellus and G. ruthensparri, nre
respectively 4.0 and 3.1 mm long and (1920) that those of G. microps and G. pictus
are respectively 3.0 and 2.7 to 3.0 millimeters in length; and Petersen (loc. cit.) gave
the length of the newly hatched young of two other European species, Gobius niger
and G. minutus as 2.6 millimeters each.

In general the body of the larvae is quite elongate and slender, varying somewhat
alllong the species. The caudal portion is especially slender and tapers gradually
to a point. The vent is placed somewhere near midbody length; generally, however,
rather nearer the tip of the tail (without the finfold) than the end of the snout. At
hatching the head is rather rounded and the mouth tends to be horizontal and inferior.
Very soon the mouth becomes l'l1ther oblique. However, as the adult stage is reached
the mouth, in at least several species, tends to assume again more nearly the position
occupied at hatching. When the caudal fin is first developed it either has a straight
or a slightly rounded margin. As development of the fish progresses this fin tends to
become more or less concave. Even in Gobionellus boleosoma, which has a moderately
long and more or less pointed caudal fin in the adult, this fin is concave in the young
that are around 8 mm long. In some species as in those of Gobiosoma, reported upon
in this paper, the caudal fin does not become round, as in mature fish, until virtually
all the adult characters are developed at a length of about 15 mm. The spinous
dorsal usually develops somewhat later than the other fins in teleosts. In the gobies
this fin develops especially late, or not until all tho other fins are quite fully formed.

The body in larval gobies generally is quite transparent and often the notochord
Or vertebrae are visible in part. The plainly visible air bladder, commonly with a
crescent-shaped black area over it, is characteristic. Usually a few pigment spots
are present at hntching and others soon appear. Genernl pigmentation, hDwever,
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takes place at a rather advanced stage, that is, after virtually all the adult characters
are developed.

It is evident from the foregoing discussion that both American and European gobies
generally have rather small eggs, which are variable in shape and somewhat in size
among the species, and are equipped with an adhesive organ by which they become
attached to submerged objects. The larvae as a rule are slender, quite transparent,
and have at least a few pigment spots. Interesting phases in their development are
the changes in the position of the mouth and in the shape of the caudal fin. In
separating the species the myomere and vertebra counts sometimes are useful (although
not in the American species discussed in this paper), the fill ray counts, as soon as they
can be made, are extremely helpful, and the pigment spots are always important for
identification purposes.

GOBIOSOMA BOSCI (LACEPEDE) AND GOBIOSOMA GINSBURGI, HILDEBRAND AND
SCHROEDER. NAKED GOBlES

Two species of Gobiosoma, namely b08Ci and ginsburgi, occur in the waters at
Beaufort. The last-mentioned species was described recently from Chesapeake Bay
(Hildebrand and Schroeder, 1928, p. 324), Ginsburg (1933 p. 40) made a thorough
study of the genus Gobiosoma, and found specimens of G. ginsburgi in collections
from as far north as Cape Cod and southward to South Curolina, and of G. bosci froUl
Long Island to Tampico, Mexico.

Specimens of adult G. bosci ure much more numerous in the collection froUl
Beaufort than those of G. ginsburgi. However, the reverse is true with respect to the
young. In Chesapeake Bay (Hildebrand and Schroeder, 1928, p. 325) b08Ci was taken
in shallow water only, whereas ginsburgi was taken principally in rather deep water
and rarely in shallow water. A similar vertical distribution of the species is indicated
for Beaufort, since all adult bosci from this vicinity were taken in very shallow water
along the shores, whereas all specimens of adult ginsburgi, except one, were taken in
water from a few to several fathoms in depth. The young that are recognizable as
to species (10 mm and upward in length) have a vertical distribution identical with
that of the adults.

KEY TO THE ADULTS OF THE LOCAL SPECIES

a. Body rather robust, its depth 3.95 to 4.8 in its length without caudal fin; second dorsal normally
with 13 rays, infrequently with 12 or 14; ventral disk short, reaching about half the distance
from its base to the vent; no scales on base of caudaL bosei.

aa. Body more slender, its depth 6 to 7.15 in its length without caudal fin; second dorsal normally
with 12 rays, infrequently with 11 or 13; ventral disk long, reaching two-thirds the distance
from its base to the vent; two large scales on base of caudal, situated respectively on the base
of the upper and lower rays of the fin -------------- ginsburgi.

Although the characters mentioned in the foregoing key readily separate the
adults when two or more of the characters are taken into consideration, they cannot
be used successfully in separating the young under about 10 mm in length, because
the characters either are entirely undeveloped at that size or so imperfectly developed
that they are useless. Neither have we succeeded in finding other distinguishing
characters. Therefore, the young (under about 10 mm in length) cannot be dis­
cussed separately with respect to distribution, habitat, growth, etc. (figs. 30 and 31).

Young Gobiosoma are rather generally distributed throughout the local waters
and are very abundant, as shown elsewhere (p. 558). Their relative abundance,
in fact, suggests that the adults are more common than indicated by the number
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of grown fish generally secured in collecting nets. From the difficulty experienced
in recapturing adult fish placed in a rather large tank table in the laboratory, it is
evident that nets are not very efficient for capturing the fish, because they attach
themselves, by means of the sucking disk, to the bottom or to objects in the water,
or they hide under objects, thereby making it very easy for a net to slide over them.
They no doubt escape the net in a similar way in nature. All of this is a further
indication that the fish probably are more numerous than shown by the number of
adults captured.

No evidence indicating that anyone individual produces an excessively large
number of eggs was secured. A female 25 mm long with a greatly distended abdo­
men, for example, contained only 249 eggs. Furthermore, the eggs in the ovaries
in several specimens examined were all of uniform size, indicating that a single spawn-

ICIll

FIGURE aO.-Goblo8oma b08el. I'rom adult 50 mm long. (Drawn by Louise Nash.)

I em
FIGURE 31.-Goblo8oma glnsburgl. From adult 45 mm long. (Drawn by Louise Nash.)

ing takes place during a season. The great abundance of the young-in several
instances a hundred or more and in a few instances probably nearly a thousand
specimens were taken in a single tow-net haul--then, would appear to be due to the
presence of many adults.

The local species of Gobiosoma, which rarely exceeded a length of 2 inches,
obviously are too small to be of direct commercial value, yet they probably are
of some importance as forage for commercial species.

Nothing is known concerning the winter home of Gobiosoma. "Ve have taken
no specimens during the colder months of the year, or from early December to early
May. It seems probable that these fish imbed themselves in mud during the winter.
This probability is suggested by the abundance of gobies in seine hauls made in
the Mullet Pond throughout the warmer months, in places where none were taken
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during the winter. This pond is connected with the adjacent sound only during
exceptionally high tides, which occur generally only a few times during a year, and
seldom near or in the winter months. It seems rather certain, therefore, that the
gobies are present during cold weather but are not in open water where they can
be caught with seines. Several species of Fundulus and Gyprinodon varigatus which
also inhabit the Mullet Pond, are known to imbed themselves in mud during cold
weather. Therefore, it seems probable that the gobies also enter the muddy bottom
during the winter.

No external structural characters by means of which the sexes may be distin­
guished have been found. In general, the males range larger in size and are darker
in color. However, specimens intermediate, both with respect to size and color,
are nearly always present in collections, making a complete separation of the sexes
from external characters impossible. In gravid fish the anal papilla, although present
in both sexes, appears to be larger in the female than in the male.

SPAWNING

The information about spawning in Gobiosoma was derived mostly from the
study of large collections of young. It has not been possible, however, as explained
elsewhere, to separate definitely the young (less than about 10 mm in length) into
two groups, representing the two local species, bosci and ginsburgi. Therefore, it
is not known positively, although it is highly probable, that both species are repre­
sented among the fry. Neither is it known definitely whether much of the infor­
mation derived from the study of the collections is applicable to one or both forms.
The data based on the study of the collections of young give no evidence of two
predominating spawning periods. Therefore, if two species are represented among
the fry, the spawning seasons probably occur simultaneously or overlap so fully
that no distinction may be made either from the size of the young nor from their
abundance.

Collections of young Gobiosoma were made from 1927 to 1931. The 1l1rvae first
appeared in the tow in May (the earliest date being May 11, 1929), and throughout
the summer and fall until December (the latest date being Dec. 6, 1929). The larvae
were common to abundant from June to September each year but most numerous
during July and August. During October, November, and December only a few
scattered ones were secured.

Among the females in the relatively large collections of adults made in the Mullet
Pond during August (1930), principally small individuals were in spawning condition,
the larger ones evidently having spawned out. This condition suggests that the
principal spawning season was past, and is in general agreement with the situation
suggested by the data based on the collections of young. Although the fry were
abundant in the towings during August it may be assumed, that many of those taken,
particularly the larger ones, were hatched during July. Furthermore, in September
there occurred a pronounced drop in the number of young. The evidence, therefore,
is that spawning bebJ1ns early in Mayor possibly during the latter part of April, that
it occurs most abundantly during July and ends except for an occasional late spawner,
in September.

The larvae of Gobiosoma were taken over a wide variety of conditions and over a
comparatively large area, as explained under that section of this paper dealing with
distribution (p. 558). Since the eggs become attached and do not drift as alreadY
shown, spawning probably takes place over a large portion of this area and over a
wide variety of conditions.
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Nothing definite can be said concerning the spawning places of the two species of
Gobiosoma represented locally, first, because the young under 10 mm in length could
Dot be separated, and second, because ripe G. ginsburgi were not taken. Ripe G. bosci
Were taken only in the Mullet Pond where they no doubt spawn, as the larvae were
present in the same places where the adults were taken. It seems probable, therefore,
that spawning takes place in the general habitat of the adults. If that were the case,
then it would follow that G. bosci would spawn only in shallow water along the shores,
whereas G. ginsburgi would spawn principally in somewhat deeper water (see p. 548).

DESCRIPTIONS OF THE EGGS AND YOUNG

Eggs.-The eggs stripped from ripe fish taken in the Mullet Pond were first
described by Kuntz (1916, p. 423). Since the present investigators have found only
G. bosci in that pond, it seems probable that the eggs described were of this species.
The eggs were secured again by the present investigators in August 1930 from fish
taken in the Mullet Pond. The description of the eggs given by Kuntz is essentially
correct. The ova when expressed from the female adhere in clumps unless immediately
separated. The eggs when seen in a mass with the unaided eye are yellowish in color
and quite opaque. Under the microscopf'. a "bundle" of gelatinous threads with
small branches are seen to be joined to the egg membrane at a certain point. These
threads cause the eggs to adhere. Their function no doubt is that of attaching the
eggs to vegetation or other objects in the water. The eggs are slightly hea.vier than
sea. water and when placed in a dish of water they sink gradually.

The mature unfertilized eggs, as observed by us, generally, are slightly elongate,
but sometimes nearly spherical. The variation in the major axis of five selected eggs
ranged from 0.637 to 0.675 mm and for the minor aA-is in the same eggs it was 0.52 to
0.6 mm. As soon as fertilization had taken place the eggs began to expand and
became elliptical in shape. In the process of expansion the minor axis retained about
its former length, for in 10 eggs measured during various cleavage stages it ranged
from 0.573 to 0.592 mm. The major axis, however, becomes much longer, for its
range in length in the same eggs ranged from 1.147 to 1.369 mm. Expansion appears
to be fully completed by the time the first cleavage takes place and thereafter, ac­
cording to our observations, the egg changes little or not at all in shape. According
to Kuntz's figures, eggs with large embryos are more pronouncedly elliptical than
those in the early cleavage stages (fig. 32).

When the egg is fully expanded a relatively large perivitelline space is present,
for the yolk mass occupies somewhat less than half the space within the egg membrane.
The position of the yolk varies greatly. Generally it lies toward one pole of the major
axis of the egg and most frequently opposite the pole at which the gelatinous adhesive
strands are attached. Occasionally, however, it is much nearer the opposite pole of
the major axis, or it may occupy an intermediate position (fig. 33).

The yolk mass of the egg when seen under magnification has a greenish-yellow
cast and it contains many minute oil globules. Due to the opaqueness of the yolk,
lDany of the phases in the development either cannot be seen at all or are obscure.
The processes in the development of the egg are well described and accurately figured
by Kuntz (1916, pp. 423 to 426, figs. 43 to 50).

The cells in the early cleavage stages stand out very prominently as round
elevations. As cleavage advances the fissures become less pronounced and gradually
the blastoderm becomes circular in outline and sharply differentiated from the yolk
(figs. 34 and 35).

154979-81l---4
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The development is rapid at first. Eggs fertilized at 10:30 o'clock in the morning
and held at a temperature close to 27° C., for example, reached the 2-cell stage in

34

38

F,GURE 32.-Gobiosoma bo~ci. From mature unfertllized egg. (Drawn by Effie B. Decker. After Kuntz.)
FIGURE 33.-Gob/osoma bosel. From egg with fully developed blastodisc, BD. (Drawn by Effie B. Decker. After Kuntz.)
FIGURE 34.-Goblosoma bosci. From egg with blastoderm of 2 cells. (Drawn by Effie B. Decker. After Kuntz.)
FIGURE 35.-Goblosoma bosel. From egg with blastoderm of 4 cells. (Drawn by Effie B. Decker. After Kuntz.)
FIGURE 36.-GobioBoma bOBcl. From egg with blastoderm of many cells. (Drawn by Effie B. Decker. After Kuntz.)
FIGURE 37.-Gobiosoma bosci. l;'rom egg with recently differentiated embryo. (Drawn by Effie B. Decker. After Kuntz.)
FIGURE 38.-Gobio8oma boscl. From egg with well-formed embryo. (Drawn by Effie B. Decker. After Kuntz.)
FIGURE 39.-Gobl08oma b08cl. From egg with large embryo. (Drawn by Effie B. Decker. After Kuntz.)

1X hours, the 4-cell stage in 1% hours, and the 8- and 16-cell stages (for there were
some eggs in each stage) were reached in about 2% hours. In about 22 hours, at a
temperature varying from 26° to 27° C., the embryo had become well formed. There-
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after development progressed less rapidly, and hatching took place in about 4 days
at a water temperature varying from about 26° to 28° C. (figs. 36, 37, and 38).

Although the yolk mass, after the expansion of the egg is completed, occupies
less than half the area within the eggs, as stated elsewhere, nearly the entire space is
utilized later by the advanced embryo which becomes bent back on itself, with the
tail pointed in the general direction of the head. The position of the embryo within
the egg is not always the same. In most instances the head is pointed toward the pole
of the major axis at which the adhesive threads are inserted, but occasionally it is
directed toward the opposite pole. This fact is not brought out by Kuntz (loc. cit.)
(fig. 39).

FIGURE 40.-Goblo.oma boscl. From a newly hatched fish about 2 mm long. (Drawn by Effie B. Decker. Arter Kuntz.)

Newly hatched young, 2.0 mm lang.-The incubation period occupies about 5
days at the usual summer temperatures (around 24° to 27° C.) prevailing in the
laboratory at Beaufort. The newly hatched fish is approximately 2.0 mm long and
almost transparent. The air bladder is visible at the posteriodorsal aspect of the
Yolk mass. The vent is situated nearer the tip of the tail than the end of the snout.
The mouth is inferior, although somewhat later it becomes strongly oblique, as shown
sUbsequently. A few small pigment spots occur just over the vent and at the base
of the ventral finfold posterior to the vent (fig. 40) .

.. --------------- -- "-..
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FIGURE 41.-Goblosoma boscl. From a fish hatched In the laboratory. a rew days old, and about 3 mm long. (Drawn by Effie B.
Deoker. After Kuntz.)

Kuntz (1916) was able to keep the fish hatched in the laboratory alive until a length
of about 3.0 mm was attained. The mouth in the meantime, according to the illus­
tration presented had moved forward and had become terminal and somewhat oblique.
The line of pigment spots at the ventral outline of the tail had become somewhat
more conspicuous than in the newly hatched fish (fig. 41).

The eggs a,nd young hatched in the laboratory, upon which the foregoing descrip­
tions are based, are known definitely to belong to G. b08Ci. The young up to 10
lllm in length, upon which the descriptions that follow are based, were taken in the
tow and probably include both local species, as already explained.
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Kuntz did not have sufficient material for the preparation of descriptions and
illustrations of all the stages in the development of the young. This information is
supplied in the following pages.4

Specimens 1.8 mm long.-The smallest individuals in the collection of preserved
specimens,which we assign with some doubt to this genus because of their similarity
to Microgobius, are only about 1.8 mm in length. Such specimens are farther de­
veloped than a fresh or live larval fish 3.0 mm in length (fig. 13), which indicates
that considerable contraction probably has taken place during preservation. The
body is rather slender and somewhat compressed. The yolk is completely absorbed
and the abdominal mass is quite small. The air bladder is plainly visible through
the abdominal wall, lying dorsally of the abdominal mass. The intestine is free or
at most loosely attached posteriorly and the vent is far behind midbody length. The
finfold remains continuous but has slight indications of rays where it surrounds the
pointed tail. The eye is excessively large, being equal to about three-fourths the
depth of the head. The mouth is almost vertical and the snout is turned up slightly
at the tip. The color consists of a few dark chromatophores on the median line of
the abdomen and on the ventral surface of the tail, that is, at the base of the ventral
finfold (fig. 42).

FIGURE 42.-GobioBoma .p. From a specimen 1.8 mm long.

The position of the mouth in our specimens differs sharply from that shown
in Kuntz's (lac. cit.) illustrations (figs. 40 and 41). Figure 40, based on a newly
hatched fish, shows an inferior mouth, and figure 13, based on a fresh fish 3.0 mm long,
represents the mouth as terminal and only slightly oblique, and shaped very much as
in the adult. A sudden and a pronounced change in its position must take place
since the specimens here described cannot be much older, as already indicated, than
the 3.0 mm fish shown in figure 41. Illustrations, in various works, of the development
of European gobies, too, show that the mouth in newly hatched larvae is inferior and
that it tends to becQme oblique very early in life.

Specimens 4.0 mm long.-The body is moderately slender and notably CoIll­
pressed. The caudal portion of the body which is much more slender than the
trunk in smaller individuals has become much deeper and at this size the depth just
posterior to the vent is nearly as great as it is in advance of it. The air bladder
remains visible, microscopically, through the abdominal walls, but the intestine
which is partly free posteriorly in smaller specimens is now quite fplly invaginated.

• Shropshire (1932, pp. 28 and 29, figs. I to 4) described four stages of young gobles under the name GobioBoma mole./rum, whicb
is a synonym of G. bOBei according to Ginsburgh (1933, p. 32). Tbe two smaller stages are so different in the shape and position of
the mouth from our series that they undoubtedly represent a different species. The two larger specimens figured could concelvablY
be Identical with tbose of our series.
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The finfold no longer remains continuous, as the caudal fin is fairly well developed
and the bases of the dorsal and anal fins have become indefinitely outlined and some
of the rays have become differentiated. Pectoral fins, too, are evident, but the
ventrals remain undeveloped. The notochord is curved upward posteriorly, giving
the tail a heterocercal appearance. The mouth remains nearly vertical as in younger
fish. The body is unpigmented, except for a few dark chromatophores on the
median ventral outline of the body and tail, the last one of these dark spots, situated
near the end of the anal base, being the largest (fig. 43).

FIGURE 43.-Gobio8oma 81'. From a specimen 4 mm long.

Specimens 5.0 mm long.-The shape of the body is essentially as in specimens
4.0 mm long. The mouth, however, is not quite as nearly vertical as in the smaller
fish. The development of fins has progressed rather rapidly, the caudal, soft dorsal
and anal being sufficiently developed to show the rays rather definitely and it is
now possible to enumerate the rays of the second dorsal and the anal quite definitely
Which is a great help in identification. The first, or spinous dorsal, is partly developed
in some specimens, but it is impossible to count the spines accurately. The pectoral
fins are plainly evident but without distinct rays. The ventral fins, however, are
still undeveloped. The air bladder remains slightly visible, microscopically, through
the abdominal walls as an area which is slightly more transparent than the abdomen
is elsewhere. The notochord is still turned upward pmJteriorly nnd pigmentation
remains essentially as in 4.0 mm specimens (fig. 44).

FIGURE 44.-GobiOloma 81'. From 8 specimen 1\ mm long.

Specimens 7.5 mm long.-The body remains shaped essentially as in 5.0-mm
specimens, that is, compressed and slender, the depth being contained in the length
to base of caudal fin about 6.25 times. The fish has a somewhat different appearance,
however, at this size, mainly because of the rather pointed snout; for the mouth,
although still superior, has become rather 6blique with a somewhat pointed projecting
mandible, as seen in a lateral view. The muscular rings on the body remain rather dis­
tinct, but the heterocercal character of the tail generally has disappeared. The
air bladder remains visible, microscopically, through the body wall as a somewhu,t
lighter area. The development of the fins has progressed slowly. The spinous
dorsal is not yet evident, but the ventrals now appear as a short tuft of membrane
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without evident rays. The caudal fin seems to have a nearly straight to a some·
what concave posterior margin. In life the body remains highly transparent and
the fish are almost invisible when caught in a net, except for the dark eyes. Pig·
mentation on the body consists of two short dark lines situated on the median ventral
line, the anterior one being under the posterior part of the head and the second one
on the chest; a. dark chromatophore appears just in advance of the vent; and usually
a. series of indefinite dark markings extends from the origin of the anal to the base of
the caudal, the last spot of the series being on the base of the lower caudal rays and
generally slightly vertically elongate. These markings are different from those in
related species of gobies occurring locally and serve as a recognition mark (fig. 45).

Specimens 10 mm long.-The two local species of Gobiosoma are rather defi·
nitely separable at a length of 10 mm. In both species the body has become more
robust since a length of about 7.5 mm was attained and generally it is somewhat
rounded anteriorly. The greatest depth of the body in bosci is contained in the length
to the base of the caudal about 5.3 times, whereas ginsburgi generally is more slender,
the depth being contained in the length about 6 times. In bosci the head is nearly

FIGURE 45.-Goblo.oma 'P. From a specimen 7.5 mm long.

as broad as deep, the eyes have become slightly superior, the snout is comparativel~

round and blunt, and the mouth is moderately oblique and terminal. In ginsburg~

the development in all these respects is rather less pronounced. The ventral fins are
quite fully developed as a sucking disk in both species (reaching its greatest develop·
ment in bosci at this size and becoming proportionately shorter later in life), and the
first dorsal is present, although the spines are very weak and slender. The margin of
the caudal fin remains straight to slightly concave. Variation in the progress of pig·
mentation is evident among specimens of the same species. However, the develoP·
ment generally is further advanced in bosci than in ginsburgi. In the latter no general
pigmentation has taken place and the markings remain virtually as described for the
7.5-nun fish. The posterior one of the two short dark lines on the median line of the
chest is now situated at the base of the ventral disk. The dark markings along the
base of the anal and on the ventral outline behind the anal clearly are short hyphen·
shaped lines when ~ewed ventrally and are rather more distinct than in smaller fish.
In the most profusely pigmented individuals of bosci indefinite cross bars are present
on the upper part of the sides and back. Also, an oblique bar reaches from the eye to
the mouth and another bar occupies the base of the caudal fin (fig. 46; based on a
rather unusually well developed specimen for its size).

A difference among specimens in the robustness of the body is present, as alreadY
shown. That the slender individuals generally are referable to ginsburgi is evident
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FIGURE 46.-Gobloaoma boui.-From 6 specimen 10 mm long.

from the presence of two scales on the base of the caudal fin, previously described
(p. 548), which bosci does not possess (fig. 47).

The development of adult characters at a larger size in ginsburgi than in bosci sug­
gests that the first-mentioned species might reach a larger size. Judging from the
adults taken this is not the case, for on the contrary the largest specimens in the
collection are bosci.

FIGURE 47.-Gobloaolll4 ulmburg/. From 6 specimen 11 mm long.

Specimens 15 mm long.-At this size bosci is robust anteriorly, the depth being
contained about 5.3 times in the length to base of caudal fin; the head is depressed
and quite as broad as deep; the snout is blunt; the eyes are directed slightly upward;
the mouth is small, gently oblique, and terminal to slightly inferior; the maxillary
reaches a little past anterior margin of eye; the fins are all fully developed, the margin
of the caudal fin now being slightly rounded; and the body is fully pigmented. It is
evident, therefore, that fish of this size have acquired nearly all the charncters of the
adult and nre readily identifinble with the grown fish (fig. 48).

FIGURE 48.-Gobloaolll4 bOld. From 6 speolmen 15 mm long.

It is possible to identify the young at a length of about 15 mm as to species with
a reasonable degree of certainty. G. ginsburgi, at this size, is notably more slender, the
depth being contained in the total length about 6.1 times. The greater length of the
Ventral disk, which (having attained its highest state of development at about this
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size, becoming proportionately shorter later in life) reaches nearly to or even past the
vent in some specimens, also is evident. The interorbital space, too, is narrower,
being equal to only about half the width of the pupil, whereas in bosci it is fully equal
to the width of the pupil. Furthermore, ginsburgi has two scales on the base of the
caudal fin which the other species does not possess. Pigmentation in ginsburgi in the
specimens at hand has not progressed as far as in bosci of the same size. However, a
considerable degree of variation in color development appears to exist among both
species and the degree of pigmentation may be of no specific importance (fig. 49).

General characteristics of the young.-In general young Gobiosoma, even before
fin rays are developed, may be recognized by the rather deep body, by the vertical
mouth, by the air bladder which is visible as a clear area through the body wall, and,
perhaps most important of all, by the pigment spots present, which remain about the
same throughout the larval stages, or until pigmentation becomes general. These
spots are black and consist of a single row occupying the median ventral line of the
body. Two elongate spots (short lines) are situated under the head and chest, one or
two immediately in advance of the vent and several behind the vent, or along the base

FIGURE 49.-Gobio8oma g/n8burg/. From a specimen 16 mm long.

of the anal when that member becomes developed, the last spot of the series being at
the base of the caudal when that fin becomes differentiated. When the dorsal and
anal fins become developed, at a length of about 5.0 mm, the rather low number (gen­
erally 11 to 13) of rays in each fin is of much help in identification. At about this size
the body becomes quite robust, the head rather broad, the caudal peduncle is short
and deep, and the mouth is less nearly vertical than previously. Identification noW
is much simplified.

DISTRIBUTION OF THE YOUNG

Young Gobiosoma were taken in tow nets and seines in many places and over a
wide variety of conditions, ranging from brackish water creeks and ponds, through
salt and brackish estuaries, in Beaufort Harbor, along Bogue and Shackleford Banks
(both shores) and at sea as far as approximately 15 miles offshore in 10 to 12 fathoms
of water. The great majority of the hundreds of specimens collected were taken on
the bottom, although, occasionally a few appeared in the surface tow. The indica­
tions are, then, that the young, like the adults, dwell principally on the bottom.
Since the larvae (under about 10 mm in length) could not be separated as to species,
the distribution cannot be given separately for each species. Among the young fish
that are recognizable, b08Ci was taken only in shallow water and only once at an
outside station, that is, about 1 mile off Bogue Banks in a few fathoms of water.
G. ginsburgi, on the other hand, was taken in both shallow and rather deep water
and frequently at offshore stations.
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As to time, the larvae are distributed over the entire summer, appearing first in
May and a few stragglers as late as December, but they were common to abundant
only from June to September.

GROWTH

Growth in Gobiosoma probably progresses moderately fast. It is not always
an easy matter, however, to distinguish between those of the O-class and the older
ones, as the sizes intergrade during late summer. Specimens 18 mm long, taken in
August, are recognizable as young of the current season and may be among the largest
of their year class. Larger examples of the current year, if present, apparently
could not be recognized, for they are as fully developed as the adults. Since the spawn­
ing season may be said to end, except for an occasional late spawner, by the end of
August, it seems unlikely that the largest young become mature during their first
summer. However, sexual maturity is reached at a very small size, for we have seen
a few gravid females only 23 mm long and many gravid ones from 25 to 30 mm in
length. Therefore, the authors are not prepared to state positively that none of the
young become mature during their first summer, but they regard it as quite unlikely.
It seems highly probable, however, that sexual maturity is reached during their
second summer.

MICROCOSIUS HOLMESI SMITH. HOLMES COSY

Two very closely related species of Microgobius, namely eulepis and holmesi,
are recognized from North Carolina. As understood by us eulepis has a somewhat
more slender and less strongly compressed hody than holmesi, the depth in the former
in the two specimens at hand is contained respectively 6.5 and 7.0 in the standard
length, whereas in eight specimens of the latter the depth goes into the length 4.7
to 5.75 times. The mouth in eulepis appears to be rather more nearly vertical and
the ventral disk is shorter, failing to reach the vent, whereas in holmesi the disk
usually reaches to or beyond the vent. It is possible that holmesi may grow some­
what larger. However, it seems probable that a further study based on a larger
number of specimens than is now available may show that the two nominal species
intergrade, and in fact are identical. As now understood eulepis is very rare at
Beaufort, whereas holmesi is moderately common. The known range of the two
species is coterminous extending from Chesapeake Bay to North Carolina.s

The sexes are readily separable in M. holmesi, as the male has a row of prominent
black spots on the interradial membranes of the final just below the pale margin of
the fin. These spots are entirely missing in the female, in which, as contrasted to
the male, the membranes between the longest dorsal spines is jet black distally. In
general, the males also have higher fins. The ventral disk, for example, usually
reaches the origin of the anal in adult males, whereas it frequently reaches only to
the vent in adult females. Furthermore, the females, at least during the breeding
season, have a larger anal papilla. Whether similar sexual differences exist in eulepis
cannot be stated at this time. The two specimens in the present collection in general
agree in color with the females of holmesi.6

It is not surprising that the larval and young Microgohius do not appear to be
separahle into two species (if indeed more than one species is represented) since the
adults of the local representatives are very closely related. Since M. holmesi is com-

• Since the preparation of this manuscript Isaac GInsburg, who has made a special study 01 the American gobles, concluded
(Copela, No.1, 1934, p. 36) that M. hol11Wl31 Bnd M. eulepl3 are Identical Bnd that hoth are synonYID8 of M. thalal3lnu3.

I Smith (1007, p. 367) presents a very satisfactory illustration of an adult male MlcrogoblUl holmen.
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paratively common, whereas, M. eulepis is very rare, as previously stated, it seems
logical to refer all the young, at least tentatively, to holmesi.

The locally represented species of Microgobius reach a length of only about 2
inches and they probably are of only slight economic value even as forage fish, because
of their com?arative scarcity. The rather large number of young taken suggests,
however, that the fish may be somewhat more common than is indicated by the
scarcity of adults in the collections.

Neither adults nor young were taken from December to February, inclusive.
It seems probable, therefore, that these fish leave the local waters during the winter,
or that they possibly seek shelter in the mud or sand like Fundulus and probably
other minnows.

SPAWNING

The eggs of Microgobius have not been studied. M. holmesi with large roe
were taken only during the first half of July. That the spawning period of this
species is not limited to the month of July is evident, however, from the collection
of larvae at hand, as shown subsequently. Smith (1907, p. 368) reported that a female
M. eulepis distended with nearly ripe eggs was taken at Beaufort on May 18 (1905).
No gravid fish of the last mentioned species were seen during the present investigation.

A few young Microgobius, only about 3.0 to 4.0 mm long, were taken as early
as March 11 (1929), and a few equally as small were taken as late as November 21
(1927). The larvae were numerous, however, only during July, August, and Sep­
tember. The collection of young Microgobius indicates, therefore, that some spawn­
ing takes place as early as March, that it continues throughout the summer, probably
extending into the month of November, and that the principal spawning season
occurs during July, August, and September.

Larval Microgobius were taken over the entire area in which tow-net collections
were made, including Beaufort Harbor, the adjacent sounds and estuaries, and off
Beaufort Inlet to Cape Lookout and as far as 12 to 13 miles offshore. It seems
reasonable to expect Microgobius to produce eggs which become attached like those
of Gobiosoma and Gobionellus, and like those of the various European species that
have been studied. If that be true the eggs do not drift and the recently hatched
young should be expected to occur somewhere near the place where the eggs were
spawned. It seems probable, therefore, that spawning takes place over much of the
area in which the larvae were taken.

DESCRIPTIONS OF THE YOUNG

Specimens 1.6 to 4-.0 mm long.-Specimens of Microgobius 4.0 mm and less in
length generally are difficult to separate from Gobiosoma (figs. 50 and 51). A careful
study has revealed no outstanding structural differences in these small larvae, and
color marking in preserved specimens, except in rather rare instances, are not of much
help until a length of 'about 4.0 mm is attained. In general, the vent in Microgobius
is slightly more anterior in position than it is in Gobiosoma. This difference is evident
only when specimens of even size are compared, and it is not readily shown in a table of
measurements, because few specimens are straight enough for an accurate measure­
ment and, furthermore, the position of the vent evidently changes with growth. The
quotients derived from dividing the caudal portion of the body into the total length to
the tip of the notochord, even in specimens varying less than a millimeter in length, do
not show a constant difference. An average difference, however, is evident, for in 12
specimens measured of each genus, the caudal portion of the body f1.verages 2.15
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times in the length in Microgobius (with a range of 2.02 to 2.3) and 2.24 times in
Gobiosoma (with a range of 2.13 to 2.33). Microgobius also has a slightly larger
eye. However, the difference is so slight and the size of the eye changes so rapidly
with growth that the difference cannot be shown easily in a table of measurements.
Furthermore, the size of the eye in the delicate larvae of this size appears to have been
affected by the strength of the preservative used which varied considerably with the
different lots in the present collection.

The first concrete difference observed between specimens of Microgobius and
Gobiosoma are color markings which generally are fairly well developed at a length
of 4.0 mm, frequently at 3.0 mm, and occasionally at a somewhat smaller size. Gobio­
soma, as explained elsewhere (p. 555), has only a few dark markings on the ventral
outline, consisting generally of about two elongate spots on the median ventral line
under the head and on the chest, a larger spot or blotch at the vent and a few posterior
to the vent, including one (situated at the last rays of the anal fin when that member
becomes developed) that is notably larger than the others. Microgobius, on the other
hand, has more numerous dark spots on the ventral outline and a double row of rather
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FIGURE 50.-Microgoblu8 8p. From a spoclmen 1.68 xnm long.

FIGURE 51.-Mlcrogoblu8 8p. From!l specimen 4.5 mm long.

well outlined dots extending from the vent to near the end of the tail, or nearly to
the base of the caudal fin when that member becomes developed. The dark spot at
the vent typically forms a short black line lying parallel with the upper margin of the
loosely attached hind gut. OccasionallY the larvae of Microgobius, only a few
millimeters long, have a few dark spots at the nape and two more or less definite rows
of minute black dots on the dorsal surface of the caudal portion of the body (fig. 51).
No markings of any kind have been noticed on the dorsal outline in the larvae of
Gobiosoma.

Specimens 5.0 mm long.-At a length of about 5.0 mm the second dorsal and
anal fins usually are sufficiently developed (although some of the posterior rays
generally are undifferentiated) to admit of a count accurate enough to establish the
fact that these fins are too long for Gobiosoma which has only 11 or 12 rays in each
fin. The slightly larger eye in Microgobius remains equally as evident at this size
as in the smaller individuals previously described. Differences in color markings



562 BULLETIN OF THE BUREAU OF FISHERIES

between Microgobius and Gobiosoma which generally become established when the
fish reach a length of about 4.0 mm, remain essentially as described in the preceding
paragraph (fig. 51).

Specimens 7.5 mm long.-The general shape of the body, as well as the head and
mouth remain very similar in Microgobius and Gobiosoma. The slightly larger eye
in the first-mentioned genus, noticed in the very smallest larvae at hand, remains
evident. The second dorsal and anal fins are quite fully developed and a fairly
accurate fin-ray count is obtainable. In addition to the higher fin-ray count (second
dorsal and anal each with about 16 or 17 rays) in Microgobius, it is evident now that
the caudal peduncle also is shorter. The color markings in Microgobius remain
largely as when they first appeared, except that no dark markings are present on the
back in any of the specimens examined. The two rows of dark spots along either side
of the base of the anal fin are more distinct and each spot is now horizontally slightly
elongate (fig. 52).

FIGURE 52.-Mlcrogoblm ap. From 8 specimen 7.6 mm long.

FIGURE 53.-MlcTogoblm ap. From 8 specimen 10 mm long.

Specimens 10 mm long.-A difference in the shape of the body between specimens
of Microgobius and Gobiosoma is plainly evident in examples about 10 mm long.
In Microgobius the body remains nearly as strongly compressed as in smaller fry, but
in Gobiosoma it has become notably more robust anteriorly and the head is broaderwith
a wider interorbital space. Although the mouth remains about equally oblique in the
representatives of each genus, it is evident now that the gape in Microgobius is
somewhat larger, the I\laxillary reaching about below the anterior margin of the pupil,
whereas it ends slightly in advance of this point in Gobiosoma. All the fins, exclusive
of the first dorsal, are now quite fully developed. The ventral disk is long and slender.
The caudal fin is shorter than the head and its margin remains straight to slightly
concave. The spinous dorsal usually consists of four very slender spines, with two
or three of the posterior ones still missing. Pigmentation has advanced only slightly.
In addition to the pigment spots described in smaller fish, at least some specimens
now have a few dark markings about the mouth, a few on the side of the head and an
indication of a slight dark bar at the base of the caudal. Some specimens also have
some black dots along the bases of the dorsal fins (fig. 53).
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Specimens 15.0 mm long.-The body has become more robust but remains com­
pressed throughout. The eyes are lateral in position; the m.outh is large, terminal
to slightly superior and nearly or quite as oblique as in 10-mm fish; and the maxil­
lary reaches nearly opposite middle of eye. The fins, including the spinous dorsal,
are all well developed. The caudal is strongly rounded to pointed and fully as long
as the head; the long ventral disk usually reaches nearly to or even beyond the origin
of the anal; the dorsal spines are rather long and slender, the longest ones being equal
to or slightly longer than the eye and snout; and the posterior rays of the second
dorsal and anal frequently reach the base of the caudal when deflected. Pigmenta­
tion has progresR~d considerably, for nearly the entire body is covered with minute
dark points. The color markings along the ventral and dorsal outlines, described for
smaller fish, in most specimens have become somewhat less pronounced (fig. 54).

It is evident from the foregoing description that nearly all the structural char­
acters of the adult, exclusive of scales, are developed at a length of 15.0 mm and
identification is comparatively easy. The scales first appear when the fish is about 18
mm long and they become evident on the caudal peduncle first, and from there squa­
mation proceeds forward until it is virtually completed when the fish reaches a length
of about 23 mm.

FIGURE 54.-MicTOgobius ,po From a specimen 15 mm long.

It is interesting that in specimens from about 16 to 25 mm long the ventral disk
is proportionately longer than in larger fish, generally reaching to or a little beyond
the origin of the anal at this size.

Microgobius and Gobiosoma, at a length of about 15 mm, differ strongly.
Microgobius now has a more compressed body; a much narrower and deeper head with
the eyes fully lateral; the mouth is much larger, more strongly oblique, and terminal
to slightly, superior; and the fins are much higher than those in Gobiosoma.

DISTRIBUTION OF THE YOUNG

It already has been stated under the section of this paper dealing with spawning
that the larvae of Microgobius were taken virtually over the entire area in which tow
net collections were made. This area includes Beaufort Harbor, the adjacent sounds
and estuaries, and at sea, 13 to 15 miles offshore. The variation in depth over this
area ranges from a few feet to 12 fathoms.

The larvae were taken in inside waters 37 times and offshore 20 times. The inside
catches, besides being more numerous, generally co~tained a larger number of fish per
catch. A total of about 90 larvae was taken outSide, whereas a total of about 760
larvae was taken inside. Although a somewhat greater number of hauls probably
Was made in the inside waters, that difference would not offset the great difference
between the number of larvae taken in inside and outside waters. It may be con·
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cluded, therefore, that young Microgobius are decidedly more numerous in Beaufort
Harbor and adjacent sounds and estuaries than they are off Beaufort Inlet.

In about an equal number of surface and bottom hauls Microgobius was taken at
the surface 13 times and on the bottom 45 times. Young Microgobius, like the adults,
therefore, are primarily bottom dwelling. With respect to distribution over time, a
few young appeared in the cate-hes in March, April, and May, they become rather
numerous in June, and abundant in July, August, and September; only a few were
taken in October and November, and none from December to February.

GROWTH

The largest young of the season were caught in September and had reached a
length of 32 mm. It seems quite certain that such individuals will reach an adult size
of 40 to 50 mm, and sexual maturity, during their second summer. However, some of
the young taken with the large ones mentioned are only about 5.0 mm long. It seems
doubtful that such individuals will attain an adult size and sexual maturity before their
third summer. It may be concluded, therefore, that some of the larger and faster­
growing individuals certainly reach an adult size and sexual maturity during their
second summer when about a year old. Others almost certainly are not full grown, nor
sexually mature, before their third summer.

FIGURE 55.-Gobionellu8 boleoBoma. From an adult 34 = long.

LOCAL SPECIES OF GOBIONELLUS

A single species of Gobionellus, namely, boleo8oma, heretofore has been recorded
from the coast of North Carolina. This fish was assigned to Otenogobiu8 stigmaticu8
by Smith in "The Fishes of North Carolina" (1907, p. 365). However, Ginsburg
(1932, p. 23) in an exhaustive study of extensive collections in the Bureau of Fisheries
and the National Museum failed to find stigmaticus north of Florida This investi­
gator assigned the common Atlantic coast species of scaled goby (which ranges from
North Carolina at least as far south as Panama) to boleosoma and places it in the
genus Gobionellus. Mr. Ginsburg's nomenclature has been adopted by the present
writers. Attention is called to the fact that Smith's illustration (loc. cit., fig. 167) is
not correct for boleoso1fl,a. The figure probably represents an entirely different species.
Accordingly, a drawing of an adult based on a specimen from Beaufort has been
prepared (fig. 55).

A few representatives of a second species of Gobionellus, namely, shujeldti,
recently were taken in fresh water in Newport River. G. shujeldti according to
Ginsburg (1932, p. 14) differs from boleo8oma: (a) In having one or more rows of scales
on the median line of the back in advance of the first dorsal (in one specimen froID
Beaufort, assigned to this species, however, the median line of the back is naked as in
boleosoma); (b) in having a slightly higher average number of rays in the dorsal and anal
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fins, the typical number being dorsal 12, anal 13, as compared with dorsal 11, anal 12
in boleosoma; (c) in having no definite dark shoulder spot, nor V-shaped dark markings
along the sides whereas these color markings generally are quite evident in boleosoma;
(d) in reaching a larger size (according to the few specimens at hand from North
Carolina the maximum size attained by shujeldti is about 70 mm, while the largest
specimen of boleosoma, of which many specimens have been collected, is only 55 mm
long); (e) in inhabiting fresh and slightly brackish water, whereas boleosoma ranges
from salt to braekish water. If the young of shujeldti are present in the collection,
they are confused with boleosoma.

Two other species of gobies which Mr. Ginsburg (loc. cit.) also places in the
genus Gobionellus, not as yet recorded from Beaufort, have been taken there recently,
namely, oceanicus and hastatus. These species both differ from the other local
Gobionellus in the more numerous rays in the dorsal and anal fins, the usual number
in the dorsal being 14 and in the anal 14 or 15. The two species differ from each other
largely in the number of scales in a lateral series, hastatus, according to 10 specimens
from Beaufort, has 81 to 89, and oceanicus, according to 3 specimens from Beaufort,
has 61 to 68 scales. The counts agree with those m!l.de by Ginsburg (1932, p. 39)
based on specimens from Panama, Puerto Rico, Cuba, Florida, and Louisiana. The
young of at least one of these species apparently also are included in the present
collection.

GOBIONELLUS BOLEOSOMA (JORDAN AND GILBERT). SCALLOP FISH

The young of Gobionellus are much less numerous in the collection than those of
Gobiosoma and Microgobius, but they are not rare, as 177 larvae are at hand. Adults
of Gobionellus boleosoma have been taken more frequently locally than those of Micro­
gobius, but much less often than Gobiosoma. The local distribution of adult G.
boleosoma seems to be rather general. They were taken most frequently with seines
in shallow water and on muddy bottom, both in salt and slightly brackish water,
including in one instance a small drainage ditch. In somewhat deeper water they
Were secured only twice, once in the channel of Newport River, a few miles north of
the laboratory, and again at sea off Bogue Banks.

Many variations or differences have been noticed among adults from Beaufort.
In some specimens the body is more slender than in others. Also, the size of the
mouth, the teeth, and the eyes varies. The median portion of the abdomen is variously
scaled or naked and in some specimens the caudal fin is much longer than in others.
Most of these differences certainly are associated with sex. In general, large males
are more slender than females, and they have larger eyes, more prominent teeth, and
a longer and more pointed caudal fin.

The maximum size attained by this goby is about 55 mm. It no doubt is preyed
upon by larger predatory fishes, but it evidently is not abundant enough to be of
much importance as a forage fish. Therefore, its economic value must be very slight
locally.

Gobionellus boleosoma is present in the vicinity of Beaufort throughout the year,
as both adults and young have been taken occasionally during the winter months
as well as during the summer. Therefore, it evidently does not migrate, and no
evidence indicating that it seeks protection from the cold by burying itself in mud
or sand has been secured.

SPAWNING

Ripe or nearly ripe fish have been taken locally during July and August. Very
small larvae (2.5 to 5.0 rom long), however, were taken as early as May 15 (1929),
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and as late as November 3 (1928). The young were not abundant at any time. The
largest number of specimens was secured during July and August, which may represent
the principal spawning period.

It is not definitely known where this goby spawns. The eggs are demersal and
bear adhesive threads, which suggests that spawning probably takes place where there
are sufficient objects in the water for the attachment of the eggs. Small larvae, only
a few to several millimeters long, were taken virtually over the entire area in which
towings were made. This area includes Beaufort Harbor, and the neighboring
sounds and estuaries, as well as the waters off Beaufort Inlet, extending 12 to 15 miles
offshore. It seems probable, therefore, that spawning takes place both in the inside
protected waters and along the outside shores.

DESCRIPTIONS OF THE EGGS AND YOUNG

Eggs.-The eggs were described by Kuntz (1916, pp. 426-428) on the basis of
samples stripped from fish taken and identified by the present senior author as Gteno­
gob'ius stigmaticus, following Smith (1907, p. 365). The following descriptions of the
eggs and their development is a condensed account, based on Kuntz's paper. The
illustrations of the development of the egg and the figure of the newly hatched fish
are also from Kuntz.

The eggs are yellow in color, highly translucent, somewhat irregular in shape and
have a diameter of about 0.3 mm. Their specific gravity is only slightly greater
than sea water. The egg membrane is thin and delicate and usually drawn out into
a blunt apex at the insertion of the "peduncle", that is, at the insertion of the gelati­
nous threads. The egg contains a relatively enormous amount of protoplasm and
very little yolk (fig. 56).

The fully developed blastodisc covers about half the area of the surface of the
yolk. The first cleavage act, at ordinary summer laboratory temperature, takes place
in about 30 minutes and the successive cleavages occur in rapid succession. The first
cleavage plane cuts deep into the blastodisc and the first cells usually, although not
always, are quite symmetrical. Until the 16-cell stage is reached the cells are in a
single row. Thereafter they become heaped up on one side of the yolk (figs. 57,
58, and 59).

As cleavage advances the blastoderm becomes more distinctly dome-shaped and
it soon becomes thickest at the periphery. The peripheral growth of the blastoderIll
advances and the yolk becomes entirely engulf~, the blastopore closing within 6 hours
after fertilization (figs. 60 and 61).

Soon after the closing of the blastopore a distinct linear thickening of the blasto­
derm, representing the axis of the future embryo, grows anteriorly from the blastopore.
As the differentiation of the embryonic axis advances the anterior region of the differen­
tiated area of the blastoderm becomes distinctly broader than the posterior region.
That is, the differentiation of the embryo begins in the anterior or head region and
advances posteriorly (fig. 62).

The subsequent growth of the embryo advances rapidly. Within 11 hours after
fertilization the embryo is well formed and it shows 10 to 12 somites. An hour later
the embryo almost completely encircles the egg and the posterior region of the body
is already free from the greatly reduced yolk mass. The embryo, although highly
transparent, is marked by small areas of delicate pigment. It now more than encircles
the periphery of the egg membrane, and the entire period of incubation at laboratory
temperature occupies not over 18 hours (figs. 63 and 64).
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FIGURE 56.-GobionelluH boleoHoma. From egg with
undivided blastodisc, BD; yolk, Y. (Drawn by
Effie B. Decker. After Kuntz.)

FIGURE 57.-Gobionellu8 boleo­
8oma. From egg with 2-cell
blastoderm. (Drawn by Effie
B. Decker. After Kuntz.)

FIGURE 58.-Gobionellus boleo8oma.
From egg wIth a 4-eell blasto­
derm. (Drawn by Effie B. Decker.
After Knntz.)

FIGURE 59.-Gobionellu8 boleo8oma.
From egg witb a 16-cell blastoderm.
(Drawn by ElIle B. Decker. Arter
Kuntz.)

FIGURE 62.-Gobionellus boleo8oma.
From egg showing an early stage
In the dIfferentiation of the em­
bryo. (Drawn by Effie B.
Decker. Arter Knntz.)

IM979-38--r;

FIGURE 6O.-Gobionellu8 holeo8oma.
From egg with blastoderm of
many cells. (Drawn by Effie B.
Decker. After Kuntz.)

FIGURE 63.-Goblonellus bOleo8oma.
From egg with well-dIfferentiated
embryo. (Drawn by Effie B. Decker.
After Knntz.)

FIGURE 61.-Gobionellus boleo8oma.
.From egg with blastoderm growIng
aronnd yolk shortly before closIng.
(Drawn by Effie B. Decker. After
Kuntz.)

FIGURE 64.-Gobionellus holeo8oma.
]<'rom egg wIth large embryo, just
berore hatching. (Drawn by Eme
B. Decker. After Kuntz.)
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The newly hatched fish, 1.2 mm long.-The following account of the newly hatched
fish has been compiled from Kuntz's description (loc. cit.) based on a fresh specimen:
It is exceedingly delicate, and only about 1.2 mm long. It is highly transparent and
marked by small areas of delicate yellow pigment on the dorsal surface of the head,
over the vent and with a vertical band about half way from the vent to the tip of the
tail. The vent is located slightly in advance of midbody length. The dorsal and
ventral finfolds are continuous and the depth of each fold is equal to or greater than
the depth of the body posterior to the vent (fig. 65).

Kuntz was able to keep the delicate larvae alive in the laboratory only a few
hours, and he did not have any advanced larval stages. Descriptions and illustra~

tions of the subsequent development of the young are based on preserved specimens
contained in the collection studied by the present writers.

Specimens 2.5 mm long.-The larvae of this genus are extremely slender and this
character generally distinguishes them from those of Gobiosoma and Microgobius.
The caudal portion of the body is especially slender and at this size notably longer
than the rest of the body. The head is rather broad, its width being nearly as great
as its depth; the mouth is almost vertical and very close in front of the moderately
large protruding eyes. The air bladder is plainly visible as a round or slightly elon­
gate clear area within the abdominal cavity; dorsally of the air bladder the dark
peritoneum is visible (and at a slightly larger size the black peritoneum at this point
becomes very pronounced and forms a recognition mark). Fins are undeveloped,
except for a slight indication of rays in the fin fold around the tip of the notochord
(fig. 66).

FIGuRE 66.-GobionelllU boteo8oma. From a speelmen 2.5 mm long.

Specimens 3.5 mm long.-The fish has become only slightly more robust than it
was at a length of 2.5 mm. The mouth remains very close to the eyes, but has becoI1le
slightly less verticat. Pectoral fins have appeared as tufts of membrane without
rays. The notochord remains straight, with indications of rays around its tip. The
soft dorsal and anal bases are in part evident, but no definite rays have developed.
On some specimens a few very small dark spots are present along the ventral outline
of the body and tail. The black peritoneum over the air bladder is moderately
distinct and has acquired a crescent shape which is characteristic of the young of this
species (fig. 67).

Spec'imens 5.0 mm long.-Little change has taken place in the shape of the head
and body since a length of 3.5 mm was attained. The mouth has become slightly



DEVELOPMENT AND LIFE HISTORY OF SOME 'l'ELEOSTS 569

less strongly oblique, but remains superior, and the gape is proportionately further
removed from the eye. The notochord is bent upward sharply at the tip, giving the
tail a heterocercal appearance. The caudal fin is fully formed, with definite rays,
and has a nearly straight posterior margin. The soft dorsal and anal contain some
well-developed rays, but a definite fin ray count is not yet obtainable. The pectorals
remain as tufts of membrane, and the ventral fins (disk) are not yet evident. Pig­
mentation has made little progress. It now consists of two or three short, narrow,
dark lines on the chest, a very small dark spot at the vent and a slightly larger one
at or near the end of the anal base. The crescent-shaped dark area over the air
bladder, visible through the abdominlu wall, is prominent and serves as a ready
recognition mark (fig. 68).

FWURE:G7.--(/obionellus boleosoma. From a specimen 3.7 111m long.

FlGlJ/lE ()8.-Gobionellus I,oleosoma. ]<'rom Ii spcclmen 5.1 mm long.

FIGURE 09.-Gobionellu8 boleo8oma. ]<'rolll Ii specimen 7.5 mm long.

Specimens 7.5 mm long.-The body has increased somewhat in depth but remains
comparatively very slender, the depth being contained in the length to the base of
the caudal about 7.5 to 8.0 times. Some progress in the development of the fins has
been made. It is now possible, in at least some specimens, to make a fairly accurate
Count of the soft dorsal and anal rays, each fin having 11 to 13 rays. The caudal fin
is well developed and its margin is straight to slightly concave. The pectoral fins
have indications of rays and the base of the ventral disk is just becoming evident.
The spinous dorsal is undeveloped, or in some specimens just becoming evident. The
notochord, sharply bent upward at its tip, remains visible. A crescent-shaped dark
area over the air bladder is quite distinct. This dark area is visible with the unaided
eye in somewhat larger specimens and is a definite aid in identification. Pigmenta­
tion on the body remains virtually as in 5.0 mm fish (fig. 69).
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Specimens 10 mm long.-The body remains much more slender than in other
local genera of gobies, and fully as slender as in 7.5-mm fish, the depth being contained
in the length to base of caudal about 6.5 to 8.0 times. The mouth is still quite
oblique, nearly terminal and small, the maxillary scarcely reaching opposite anterior
margin of eyp. The fins are all developed. However, the spines of the first dorsal
usually remain short and slender. The ventral disk is fully developed and long,
reaching about three-fourths of the distance from its base to the vent. The pectoral
fins, too, are rather long but do not reach quite as fur back as the ventral disk. The
margin of the caudal fin is straight to rounded. The crescent-shaped dark area over
the air bladder has become quite pronounced and in some specimens is clearly evident
with the unaidcd eye. Pigmentation has made no definite advancement (fig. 70).

Specimens 13 mm long.-The body remains extremely slender, the depth being
contained in the length to base of caudal about 10 times. The head has become
slightly broader nnd somewhat depressed. The mouth is small, oblique, and terminal,
and the maxillary scarcely reaches the vertical from the anterior margin of eye. The
air bladder is visible microscopicnlly, but the crescent-shaped black area above it (that
is, the dark peritoneum), very evident in somewhat smaller fish, is quite indistinct
and somewhnt chnnged in shape. The spinous dorsal now is fully developed and it
is plain that the last two spines are much further apart than the others, which appears
to be characteristic of the local species of the genus. The pectorals and ventral disk
arc long, but do not extend as far back on the body as in somewhat smaller fish.

FIGURE 70.-Gobionellu8 boleo8oma. I<'roln a spe-cimen 10 mm long.

However, there appears to be some variation in this respect among individuals. The
caudal fin is about as long as the head and its margin is slightly convex. Progress in
pigmentation varies greatly. In a l3-mm specimen it has progressed little furth~r

than in the 10-mm fish, described in the foregoing paragraph. However, there IS

at haml one specimen 11 and another 12 mm long which have some dark markings
on the head, including indications of a dark oblique bar between the eye and the
mouth (characteristic of the adult); scattered dark dots on the back and along the
ventral edge of the abdomen, a more definite series of black spots on the base of the
anal, and with indications of wavy dusky bars on the caudal fin, as in the adult.

No perfect specimens from Beaufort suitable for drawing are at hand. Further­
more, the differences between fish 10 mm fi,nd 13 mm long are slight, as pointed out
in the description. For these reasons no illustration of the size described in the fore­
going paragraph is offered.

Unfortunately specimens between 13 and 22 mm in length (the latter being
adults) are not at hand. The fish described in the foregoing paragraph are quite
immature, yet sufficient adult characters are developcd to make identification fairly
easy and certain. The characters that are especially helpful in the identification of
specimens of the size described in the foregoing paragraph are: (a) The fin-ray counts
(dorsal and IUlUI each having 11 to 13 rays), which may be made accurately, (b) the
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greater distance between the last two dorsal spines than between the others, (c) the
long pectoral fins and ventral disk (reaching about two-thirds the distance from their
bases to vent), (d) the general shape of the head and the small mouth (the maxillary
scarcely reaching the eye). The head is still somewhat less strongly depressed than
in the adult, the snout more pointed and the mouth more oblique, (e) the elongate
body, which remains more slender than in the adult (depth in the length to base of
caudal in the adult about 5.0 to 6.25 times, in 13 mm young about 10.0 times), and
(f) the characteristic color developed on some specimens, especially the oblique bar
between the eye and the mouth and the wavy dusky bars on the caudal fin. However,
a series of about five slightly elongate dark spots along the middle of the side, the
last one being situated on the base of the caudal, which are quite characteristic of the
adult, are undeveloped in the 13 mm specimens at hand.

Gobionellus boleosoma, at about 13 mm in length, differs from Gobiosoma bosci
and ginsburgi, and Jtlicrogobius holmesi, of similar length, very prominently in the
much more slender body, as well as in the smaller mouth, and in the long space
between the last two dorsal spines.

DISTRIBU'J'ION OF THE YOUNG

The young were taken in tow nets over nearly the entire area in which collections
were made, including Beaufort Harbor, the adjoining sounds and estuaries, and off
Beaufort Inlet to Cape Lookout and at stations as far as 13 to 15 miles offshore. They
were taken 22 times at offshore stations and 17 times in the inside waters. The young
appeared in surface hauls only 6 times and in bottom hauls 33 times, indicating that
the young, like the adults, dwell chiefly on the bottom. ......Ve also have many specimens
taken by the United States Fisheries schooner Grampus in 1917 from Florida to Texas.

The distribution of the young as to time differs from that, of the other common
gobies at Beaufort in that some individuals, 13 mm and less in length, wpre til ken
throughout the year, while the other species are not present in collections made during
the winter months. Very small larvae, under 5.0 mm in length, were tllken from
May to November.

GROWTH

The scarcity of the species and the long spawning season resulted in capturing
comparatively few young, which vary widely in size. It is consequently impossible
from the few specimens taken to determine definitely the rate of growth. The presence
in the tow of larvae only about 8.0 mm in length during March and April, which
evidently were hatched the previous summer or fnll, suggests a slow rate of growth, llt
least during the winter months. Sexual maturity apparently is reached at a length of
about 25 to 30 mm, but it is not known how old a fish is when it attains that length.

GOBIONELLUS OCEANICUS (PALLAS). OCEAN GOBY

In addition to the young of G. boleosoma described in the forgoing pages, at least
one other species is represented. Most of the specimens of the second group are large
enough to permit a fairly accurate count of the dorsal and anal rays which is about the
same for each fin, namely, 14 or 15 (rarely 13). This number of rays suggests that the
specimens either are oceanicus or hastatns. The adults of these species are separable
by the difference in the number of scales in a lateral series (see p. 565). However, no
scales are developed in the young at hand. Therefore, the specimens cannot be
definitely identified at this time and are only tentatively referred to oceanicus.

The specimens of the second group of Gobionellus differ from the first one,
furthermore, in having a more slender body and in the somewhat more retarded
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development. For example, in specimens of boleosoma 10 mm long the spinous dorsal
is equally as well or even better developed than in specimens of oceanicus (?) 15 mm
long. Specimens of this group of Gobionellus, with the very slender body, range in
length from 9.0 to 18 mm. If smaller ones are contained in the collection they were
not recognized as different from boleosoma. Only 15 specimens were collected in the
vicinity of Beaufort. In addition 23 specimens, taken by the United States Fisheries
schooner Grampus off the eastern coast of Florida and in the Gulf of Mexico, are
at hand.

SPAWNING

The time and place of spawning remain largely undetermined, as the eggs and
very small larvae have not been taken. Since two of the common local species of
gobies (Gobiosoma bosci and Gobionellus boleosoma) are known to spawn in the usual
habitat occupied by the adults, it seems reasonable to expect this species to do like­
wise. However, the number of adults taken locally is too small to admit of a definite
statement in regard to their habitat. The examples at hand were taken on rather
muddy bottom, two in Newport River and one along the shores of Pivers Island.
The young were collected at Beaufort over such a long period of time that it is impossi­
ble to judge definitely when spawning takes place, the specimens having been taken in
February, April, August, September, October, November, and December. Since
these young generally were taken with those of G. boleosoma, a species known to spawn
throughout the summer, it seems probable that the spawning period of G. oceanic1tS
may extend over the same period of time.

........., ,~~~'~:~~ll~

FIOURE 71.-Gobionellu8 oceanicu8. From a specimen 9 mm long.

DESCRIPTIONS OF THE YOUNG

Specimen 9.0 mm long.-Only one specimen of this, the smallest size recognized, is
at hand. It was taken by the Grampus at latitude 27°39', longitude 83°36' on Janu­
ary 24,1917. This fish differs from boleosoma of the same size in the extremely slender
body, the depth being contained in the standard length about 9.7 times (as compared
with 7.3 times in boleosoma). The bases of the dorsal and anal rays are visible in
part, but the rays themselves are almost wholly undeveloped. Twelve or 13 fulcra
can be counted in each fin, the posterior ones being feebly and very probably in part
undeveloped, whereas in boleo8oma the rays are quite well formed at this size. Pec­
toral fins are evident, although without definitely formed rays. The ventral disk,
already well formed in boleosoma of this size, is not evident (fig. 71).

Specimens 14 mm long.-The body remains very slender, the depth being contained
in the standard length about 9.0 times. The soft rays of the dorsal and anal are noW
well developed and easily enumerated, each fin having 14 or 15 rays. However,
generally only two or three spines have become visible in the first dorsal, this fin being
scarcely as well developed at this size as it is in specimens of boleosoma only 10 mm long.
The pectoral fins are well developed and have definite rays, but the ventral disk is
rudimentary, whereas it is long and prominent in specimens of boleo8oma when only
10 mm long (fig. 72).
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Specimen 18 mm long.-Only one specimen of this size is at hand, which is the
largest post larva in the collection. Development has progressed rather slowly and
is about in the same stage as a boleosoma of a length of 10 to 12 mm. The body has
become rather more robust, the depth being contained in the length to base of caudal
about 8.0 times. The spinous dorsal is partly developed, five slender spines being
present, whereas in the fully developed individuals the normal number is six. The
ventral disk is quite well formed and reaches about half the distance from its base
to the vent. This specimen, like the smaller ones, is void of color. The transparent
air bladder with the dark membrane over it remains visible through the abdominal
wall (fig. 73).

FIGURE n.-Gobionellu.• oceanicuB. From a specimon 14 mm long.

FIGURE 73.-Gobionellu8 oceanicu8. From a specimen 18 mm long.

DISTRIBUTION OF THE YOUNG

The number of specimens taken is entirely too small to permit drawing a con­
clusion in regard to the distribution of the young of this species. Eight of the 14
specimens from Beaufort were collected off Beaufort Inlet, while the others were
taken in the harbor and 11 neighboring estuary. The 23 specimens collected by the
Grampus were all taken offshore. The young, therefore, may be expected along the
outer shores, as well as in inside waters.

Only two specimens were token in surface towings at Beaufort, all the others
appearing in bottom hauls. Of the 23 specimens collected by the Grampus 21 were
taken on the bottom. This information is missing for the other specimens. It seems
probable, therefore, that the young may occur nt any depth in the water inhabited,
but that they nrc most commonly on the bottom. Nothing can be reported at this
time concerning the rate of growth.

FAMILY BLENNIIDAE. THE BLENNIES

Three species of blenny, namely llypsoblcnnins hentz, IlyplellrOchilus geminatu.s,
and Ghasmodes bosquianus are common on the coast of North Carolina. The develop­
ment of the eggs of all these species has been studied, and also the development of
the young of the first two named. The young of C. bosqwia.nus, a species less common
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at Beaufort than the other two, remain unknown. A fourth species, Blenllius stearnsi,
was recorded from Beaufort by Radcliffe (1914) without comment. This species was
not seen by us.

The adults are not especially difficult to identify, yet care is required as the
species superficially are not strikingly different. This is true especially of young
adults. Accordingly the following key, embodying characters thought to be readily
usable and dependable, is offered.

KEY TO THE GENERA AND SPECIES

a. Head short, deep; forehead very steep (nearly vertical); snout scarcely projecting. Mouth small;
maxillary scarcely reaching middle of eye. Canine teeth wanting. P. 14, rarely 13 or 15;
D. XII, 14 or 15; A. II, 16_. Hypsoblennius hentz

aa. Head somewhat longer, not quite as deep; forehead not very steep, strongly convex; snout
projecting moderately. Mouth small; maxillary reaching only slightly past anterior margin
of eye. Each jaw with a strong canine tooth posteriorly, near angle of mouth. P. 14; D. XI to
XIII, 14 or 15; A. II, 16 or 17 Hypleurochilus geminatus.

aaa. Head notably longer and not as deep; forehead not steep', rather gently convex; snout strongly
projecting, very pointed. Mouth large; maxillary reaching to or past posterior margin of eye.
Canine teeth wanting. P. 12, rarely 11; D. XI or XII, 18; A. II, 170r 18 _

Chasmodes bosquianus.

THE CHARACTERS OF THE EGGS AND NEWLY HATCHED YOUNG

The eggs of the three species of biennies discussed in this report are not difficult
to recognize. That is not true for the young, however, which are very similar in
appearance. The distinguishing characters of the eggs and newly hatched larvae are
shown in the parallel comparison which follows. The distinguishing characters of young
Hypsoblennius helltz and Hypleurochilus geminatus taken in the tow are described
in the text. Since young Chasmodes bosquianus were not taken in collections made
in nature, our present knowledge of its development ends with the newly hatched larvae.

DISTINGUISHING CHARACTERS

EGGS

An elongate branching black No black under auditory vesicle.
spot under auditory vesicle.

Pectoral fin membranes at most Lower two-thirds or so of pec-
with only a few black chroma- toral fin membranes with
tophores at base. black chromatophores.

lIypsoblennius hentz

Moderately small, about 0.77
mm in diameter. Eggs with
violet or old rose colored bod­
ies (disappearing in advanced
stage of development) and
yellow oil globules in yolk.

Larvae moderately small,average
length about 2.7 mm. Myo­
meres behind vent about 23.

Black markings on abdomen
(yolksac) generally scattered,
usually not especially concen­
trated at upper edge of ab­
dominal mass.

Lower two-thirds or so of inner
surface of pectoral fin mem­
branes with black chromato­
phores.

An elongate branching black
spot under auditory vesicle.

Hypleurochilus geminatus

Small, about 0.69 mm in diam­
eter. Eggs with purple spots
(disappearing in advanced
stage of development) and
bright golden yellow to orange
oil globules in yolk.

NEWLY HATCHED YOUNG

Larvae small, average length
about 2.4 mm. Myomeres
behind vent about 24.

Black markings mostly concen­
trated at upper margin of ab­
dominal mass.

Chasmodes bosquianus

Large, about 1.04 mm in diam­
eter. Eggs with pale yellow
oil globules, never with violet
or purple bodies in yolk.

Larvae large, average length
about 3.66 mm. Myomeres
behind vent about 28.

Black markings mostly concen­
trated at upper margin of ab­
dominal mass.
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A COMPARISON OF THE EGGS AND YOUNG OF SOME AMERICAN AND EUROPEAN
BLENNIES

The eggs of the three species of blennies from North Carolina, forming the basis
for the present report, all have an adhesive disk or foot by which they become firmly
attached to objects in the water at the time they are laid, remaining attached through­
out the period of incubation. The eggs of the European blennies, Blennius pholis,
B. ocellaris, and B. gattorugine, all have similar organs of attachment (Lebour, 1927).
In all these species, both American and European, the eggs are laid in a single layer.
The adhesive organs generally, if not always, have a greater diameter than the eggs
and keep them from touching each other. In another European blenny, B. montagui,
the eggs are described (Guitel, 1893) as having a number of glutinous threads which
attach them to the under side of stones. The eggs are said to press against each
other, although presumably laid in a single layer.

Such distantly related forms as Pholis gunnellus (Ehrenbaum, 1909), Anopla,rchus
purpurescens (Schultz and De Lacy, 1932) and Heterostichus rostratus (Barnhart,
1932), formerly assigned to the family Blenniidae, but now referred to separate and
distinct families, also have eggs which adhere. The adhesive organ, if any, for the
first mentioned species are not described, it merely being stated that the eggs adhere in
clusters. The egg of the third species has a number of adhesive threa,ds like the one
of Blennius galerita. The eggs of the two last-mentioned species, therefore, resemble
those of the silversides (Menidia) in the structure of their adhesive organs.

The eggs may be attached to mollusk shells, particularly to the inner surface of
the valves of empty oyster shells, as in Hypsoblennius hentz, Chasmodes bosquianus,
and Blennius ocellaris. Or they may be attached to rocks in crevices or to the under
side of overhanging rocks, as in B. pholis, B. gattorugine, and B. galerita. Again,
they may be laid in such places as the hollow of an ox bone or bottle, as in
B. ocellaris, or in clusters loosely attached to stones, as in the distantly related
Anoplarchus purpurescens of the Pacific coast. The eggs in one "nest", if laid in it

single layer, often cover several square inches of surface. The male was observed
guarding the nest in most of the species studied by various investigators, as in H.
hentz, C. bosquianu,s, B. pholis, B. ocellaris, B. sphinx, B. gattorugine, B. montagui,
and Clinus argentus. Gudger (1927) reported that both sexes guard the eggs of Pholis
gunnellus. Finally Shultz and De Lacy (1932) reported that the female guards the eggs
of the Pacific coast blenny A. purpurescens.

The eggs of the three species of blenny from North Carolina, constituting the
subject of a part of this paper, are all slightly flattened at the place of attachment, as
stated in the descriptions of the eggs in the text. The eggs of two European species,
namely, Blennius pholis and B. gattorugine, are described as decidedly flattened, the
egg of the first-mentioned species being a little more than three-fourths of a sphere, and
that of the other one only slightly more than half a sphere. The eggs of another
European spedes, B. ocellaris, having a smaller adhesive organ, is described as nearly
spherical.

It is pointed out in the text (pp. 579 and 592) that the eggs of two species of blennies
from North Ca,rolina have yolk containing brightly colored bodies. The eggs of
Hypleurochilus geminatus have yolk with purple bodies, and those of Hypsoblennius
hentz violet to old-rose colored ones when first spawned. The colored bodies gradu­
ally lose their outline as development of the egg progresses, and the color becomrs
diffuse, generally disappearing before hatching. Bright colors in the yolk seem to
be usual in the eggs of European blennies also. The egg of Blennius ocellaris, B.
gattorugine, and B. pholis are all said to have pink, red, or purple yolk, though no
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definite spots or bodies are mentioned. Chasmodes bosquiannus seems to be the only
true blenny (family Blenniidae according to Jordan 1923) studied to date which has
eggs containing yolk without pink, red, or purple color.

The eggs of the North Carolina blennies all contain many oil globules. The oil
spheres are yellow, being especially bright golden yellow in Hypleurochilus geminatus.
In the European species oil globules are mentioned only in the eggs of Blennius
ocellaris.

The newly hatched fish of the European species Blennius ocellaris, B. gattorugine,
and B. pholis are respectively 4.4, 4.9, and 5.4 mm long, and therefore larger than
those of the American species, Hypsoblennius hentz, Hypleurochilus geminatus, and
Chasmodes bosquianu.'?, which are respectively 2.7, 2.4, and 3.6 mm long. Somewhat
larger young would be expected as the eggs of the European species are larger than
those of the American ones. The greater axis of the eggs of the European species,
in the order named, are 1.2, 1.6, and 2.0 mm, whereas those of the American species,
respectively, are only 0.77, 0.69, and 1.04 mm. Furthermore, the European species
grow larger than the American ones. The former, in the order named, reach a
length of about 175, 225 and 150 mm, whereas the latter attain a length, respectively,
of only about 100, 75, and 90 mm. It is understood, of course, that the size of a fish
is no criterion relative to the size of the egg it produces. However, in this instance
the larger European species evidently do produce larger eggs than the smaller American
ones.

Although the newly batched young of the European species are larger than those
of the American ones, as pointed out in the preceding paragraph, they are all strik­
ingly similar in general appeamncc throughout the larval stages. The newly hatched
larvae are fairly stocky anteriorly and have rather long slender tails, the vent being
situated far in advance of midbody length. The pectoral fin membranes are com­
paratively large and generally more or less spotted with black. Usually black is
present also on the abdomen which most often is concentrated on the side of the fish
along the upper edge of the abdominal mass. Short black cross lines on the ventral
edge of the tail may be present on only a few to several myomeres or on all the caudal
segments.

In the older larvae the tail becomes proportionately shorter and heavier and
the black on the sides and on the pectorals tends to become more prominent. In
the postlarval stages the pectoral fins generally are proportionately much longer
than in adults, and the caudal fin, which is round in the adult, tends to be slightly
concave. Such a development of the caudal fin must be considered rather unusual,
though a similar evolution has been observed in the gobies. (For descriptions and
figures of the eggs and the young of the European blennies, Blennius ocellaris, B.
gattorug'ine, and B. pholis, see Cunningham, 1889; Ford, 1922; and Lebour, 1927.)

HYPSOBLENNIUS HENTZ (LeSUEUR). SPOTTED SEAWEED FISH,
Hypsoblennius hentz is common, but not abundant at Beaufort, N. C., and is

known to range from Chesapeake Bay to Florida. It is recognized chiefly by its
very steep forehead; small, horizontal mouth, the maxillnry scarcely reaching under
the middle of the eye; by the absence of cfiTline teeth; the small gill opening; the
broad pectoral, with 14, rarely 13 or 15 mys; nnd the moderately long and low dorsal
fiud anal fins, the former consisting of 12 spines and 14 or 15 soft rays and the latter
of 2 spines and 16 soft rays.

The males appear to grow larger than the females (largest male at hand 104
Ilnd the largest female 84 mm long) and the males have a much longer tentacle over
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the eye. Although the tentacle is variable in length among individuals of the same
sex, it is rarely as long as the eye in adult females, whereas it always exceeds the
length of the eye in adult males. Males differ from the females in external structure,
furthermore, in having fleshy expansions or hoods, opening forward, attached to the
two anal spines, and the fin itself is preceded by a low elliptical membranous hood,
opening backward. Females have a distinct genital papilla, at least during the
breeding season, which is not evident in the males (fig. 74).

The shallow water areas with rather hard, often somewhat shelly, bottom sup­
porting growths of plants, sponges, ascidians, hydroids, etc., are the common summer
habitat of the adults. The shallow areas are deserted during the winter when speci­
mens occasionally are taken in the deeper channels and in holes, where the species
also occurs sparingly during the summer.

It is a game little fish and like its relative, Cha,smodes bosqllian'Us, it fights when
handled. It will seize the skin (its mouth being t.oo small to catch more than the
skin) of a man's hand and hold on bulldog fnshion, allowing itself to be lifted by its
grasp. Howevpr, its jaws UTe not Rtrong enough to inflict n wound.

l<'IGURE 74.-11vpsoblenniu8 hentz. Adult male 96 mm long. Note membranous expansions attached to the allal spines.

00101' assimilation is well developed in this blenny. It is hardy, stands handling,
and endures confinement in small nquaril1 very well and, therefore, it constitutes a
fairly favora.ble subject for the study of its reactions to various color stimuli.

The species no doubt is preyed upon to a limited extent by various predatory
fishes. It is not abundant enough locally to be of much importance even as a fora.ge
fish, and of course it is too small to be of direct commercial use, as 100 mm (4 inches)
is near the maximum size attained.

The figures of the developing egg and the newly hatched larva are based on
living material. Thc other illustrations were prepared from preserved Rpecimens.

SPAWNING

Eggs of several sizes are present in the ovary at one time, just. as in the other
local species of blenny, suggesting a long spawning scason, as well as repeated spawn­
ing. This expectation is substantiated by the presence of fry less than 5.0 mm in
lengt~ in the tow from May 13 (1930) to September 13 (1927). The young of this
species were never as abundant in collections as those of Hyple'Urochil'U8 geminat'U8.
They were taken in fair numbers, however, from about the middle of May to the end
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of August. It may be concluded, therefore, that the spawning period extends from
May to August.

The eggs were seen first on August 25, 1927, when a female held in a battery
jar spawned. Since no male was at hand the eggs could not be fertilized. Several
"nests", each containing many eggs, were taken from May 31 to June 27, 1932.
From this material it was possible to study the embryology in detail.

This blenny does not make a nest in the true sense of the word. However, it
uses empty oyster shells (possibly also clam and scallop shells) with the hinge in­
tact, from which the oysters probably have not been removed very long and which
are still clean and white within. Therein the eggs are deposited, and they become
firmly attached by means of an adhesive disk. In several instances, nearly the
entire inner surface of both valves of the oyster shell was covered with eggs. Occa­
sionally only a part of each valve was occupied by the eggs. It seems probable that
in these last mentioned instances the nests were not completed, and that more
eggs would have been deposited. Nests were found only on a natural oyster reef at
the west end of Pivers Island, at or near the usual low tide line.

It is evident from the difference in the development of the eggs in a nest that
they are not all spawned at the same time. The difference in development may
range from an early cleavage stage to an advanced embryonic stage, suggesting that
the eggs are laid over a period of several days. In general, the eggs near the hinge of
the oyster shell are furtherest advanced, whereas those most distant from the hinge
of each valve show the least development.

The eggs are in a single layer in the nest, not always in definite rows, and are well
separated by the adhesive disks which have a greater diameter than the eggs. It is
estimated that some of the larger nests found contained as many as 3,750 eggs. The
eggs arc so firmly attached that they can be removed without injury only by cutting
the adhesive disk close to the oyster shell with a sharp instrument.

It is not known whether all the eggs in one nest are the product of one female,
although this seems quite possible since all the eggs within an ovary evidentally do
not mature at one time, as already stated. It is possible, therefore, that a female
may go to the same nest several days in succession to spawn.7

The eggs probably always are guarded by a male. The foregoing statement is
made notwithstanding the fact that a few nests were found with which no males were
seen. On the other hand, a fish was seen to escape from a nest in a few instances,
and several nests were taken with the male within the valves of the oyster shell con~

stituting the nest. It is assumed in those instances when no males were seen that
they escaped unnoticed.

The male stays within the oyster shell in taking care of the eggs. In case the
shell is shorter than the fish it bends the tail forward to get within the shell, for it
allows only the snout and eyes to protrude. A decided difference in the temperament
of different males was,noticed. It already has been shown that some males fled when
someone approached. Others stayed with the nest and allowed themselves to be
picked up (by hand) with the oyster shell containing the eggs. Only one male, upon
being transferred from its native habitat to the aquarium, reoccupied his nest almost
immediately, although others, after being in confinement for some time would even
occupy empty shells. In a few instances males failed to return to their nests in

7 Quitel (1893) bas reported tbat among specimens of Blenniu8 montauui=B. ualerita, from tbe coasts of France, kept in a tank
made of a small boat, in wblcb tbeir natural habitat was reproduced as nearly as possible, several females laid eggs In one nest situ­
ated on tbe under side of an overbanglng stone. Tbe eggs were all fertilized and guarded by the same male. It cannot be stated
01 course, tbat tbls procedure would obtain In nature.
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nature after being disturbed. One male transferred to the aquarium devoured the
eggs, instead of taking care of them. The single male which reoccupied his nest in
the aquarium not only stayed in the oyster shell until the eggs were hatched (not­
withstanding frequent disturbances during the incubation period for removing eggs
for study), but also for several weeks afterwards or until removed from the tank.
During the incubation period, as well as afterwards, he came out only to feed on bits
of oyster and fish that were supplied, and even retreated between bites.

The male undoubtedly drives away intruders, for it was noticed that the eggs
in nests deserted by the parent fish were destroyed very soon. The chief enemy
noticed was the flat mud crab, Eurypanopeus depressus (Smith).8 Specimens of this
crab were taken with three deserted nests. The mnle, however, appenrs to have
another function, namely that of keeping the eggs clean and in healthy condition.
Just how this is accomplished is not evident. It was not noticed that he fanned the
eggs especially, for he seemed to lie quietly within the oyster shelP Yet, the eggs
in a nest cared for by a male, and held in a tank with running water almost all hatched,
whereas the eggs treated identically, but without a male attendant all died in ad­
vanced embyronic stages. A very small number of eggs in one deserted nest was
hatched by providing special treatment. That is, in addition to keeping the nest in a
tank with running water, the eggs were washed vigorously once or twice each day by
playing a jet of water directly on the eggs, and by rushing the nest through water
rapidly. A few eggs removed from a nest were hatched in standing water (changed
twice daily) in a glass bowl. Eggs in deserted nests in tanks became infested with
hydroids and copepods, which caused death before hatching. No infestations were
noticed in eggs guarded by the male fish.

Spawning apparently takes place early in the morning. This conclusion is
arrived at from the fact that eggs in early cell division stages were present only in
nests taken before 9 o'clock in the morning. All eggs collected even as late as 11
o'clock in the morning already had passed the early cell division stages and those taken
during the afternoon had progressed correspondingly further in development.

DESCRIPTIONS OF THE EGGS AND YOUNG

Description oj the eggs.--The eggs of Hypsoblennius hentz are slightly flattened
next to the adhesive disk or foot which attaches them to oyster shells, as already
explained. The foot and the slight depression in the contour of the egg at the place of
attachment are shown in only two of the accompanying drawings (figs. 77 and 83).
The greater axis in 11 eggs measured varied from 0.72 to 0.8 mm, the average being
0.769 mm. The smaller axis which is difficult to measure accurately because the
Opaque foot obscures the outline of the egg, varied in four specimens from about
0.64 to 0.68 mm.

The eggs, as seen with the unaided eye, if still in rather early developmental stages,
are pinkish in color. Under magnification it becomes evident that the color is within
the yolk and in the form of spherical or more or less elongate bodies. The longest
diameter of the latter apparently is always perpendicular to the plane to which the egg
adheres. These bodies, as seen under magnification, are violet to old rose in color.
They are variable in size within the same egg, as well as in shape and number in dif­
ferent eggs. They lie at various depths within the yolk, and therefore it is necessluy
to refocus the microscope to see all of them. The variation in number in different

• The writer Islndehted to Dr. Mary J. Rathbun of the U. B. National Museum for the Identification.
• Guitel (1893) stated that the male of Blennlu8 monlagul=B. galerita, a European species, (loes fan the eggs and that he will

remove with his mouth any foreign object which may enter the nest.
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eggs apparently ranges from about 12 to 24. During development these colored
bodies become less and less defInite in outline, and in advanced embryonic stages the
color becomes paler and diffuse, often disappearing entirely several days before the
egg hatches.

Golden yellow oil globules are also present. These spheres are equally as variable
in size within an egg and in number in different eggs as the old-rose colored bodies. In
general they are somewhat concentrated near the blastoderm. The oil globules persist
in part at least until the egg hatches or even in the small yolksac attached to the newly
hatched fish. In the accompanying drawings the old rose colored bodies are shaded,
while the oil globules are unshaded. Some of the variations in the shape of the colored
bodies are shown in the illustrations. The total number of colored bodies and oil
globules is not shown. Those indicated are the ones which came into focus under the
microscope at one level.

The egg, furthermore, has a large central body, apparently denser in texture than
the rest of the egg, grayish in color like the adhesive disk, and quite opaque. This
body disappears in the advanced embryonic stage. A similar central opaque body
is present also in the eggs of the other two species of blenny discussed elsewhere in
this paper.

The entire egg is moderately opaque, becoming more so as development proceeds.
Fair perception is obtainable, however, in recently spawned eggs if viewed in a plane
parallel with the surface to which they are attached. In the opposite direction the
dirty-gray opaque adhesive foot, which cannot be detached without injury to the egg,
and the opaque central body obscure vision. The yolk is granular in appearance.
The egg membrane has deep lines and elevations, suggesting rugged eroded land.
This sculpture on the egg case is not shown in the accompanying illustrations.

Segmentation and the development oj the embryo.-The eggs forming the bases for
the present account were taken in nature. The exact time of fertilization is not known.
Therefore, the length of the period intervening between fertilization and the beginning
of cell cleavage cannot be stated definitely. The earliest cell division stage found,
namely four cells, occurred in two nests taken at 8:30 o'clock in the morning. These
eggs probably had been laid 2 hours or so before the nests were found. This tentative
conclusion is based on the results obtained with Hypleurochilu8 geminatu8 (p. 593).
In that species segmentation started about 2 hours after fertilization. It seems reason­
able to expect that the intervening time in these related species would be about equal
at the nearly identical temperatures which prevailed (26 0 to 28 0 C.).

The blastodisc is apparently always situated next to the adhesive disk. This
position of the blastodisc makes it difficult to observe cell division, as the opaque
adhesive disk below and the opaque central body above it obscure vision. FortunatelY,
eggs in the early stages are more transparent than those in the more advanced stages.
Consequently, it was possible to see the cells, even though dimly, through the mass of
the egg (fig. 75). In a lateral view the cells could be seen more definitely. The first
blastomeres apparently are about equal in size and the second cleavage cuts the blas­
todisc at right angles to the first. The perivitelline space is comparatively large at
the positive pole and very small or wanting at the negative one (fig. 76).

Segmentation proceeds rapidly, the 8- and the 16-cell stages (figs. 76 and 77) fol­
lowing the 4-cell one at intervals of about 30 minutes each at a water temperature of
about 26° C. As development proceeds the egg becomes more granular, and it
becomes more and more difficult to see exactly what is taking place. While the
blastoderm no doubt is dome-shaped, as usual in teleosts, it cannot be seen because of
the opaqueness of the yolk (fig. 78). An advanced cleavage stage is reached in about
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8 hours at a water temperature of 25° to 27° C. (fig. 79). In about 24 hours the germ
ring becomes evident (fig. 80) and in 48 hours the embryo already is well differentiated.
Generally only a part of it is visible from one viewpoint, as any part lying underneath

FIOIJRII 75.-11ypsoblennilJ,s hentz. From egg in 4-cell sInge.
about 2 to 3 hours after fertilization. (Drawn by Nell
Henry.)

FIGIJRII 77.-Hypsobtennius hentt. From egg In about W-eell
stage, lateral view; about 3Y.i hours after fertilization. Adhe­
sive disk showu at upper margin of egg. Note round form of
shaded bodies In yolk. (Drawn by Nell Henry.)

FI<lURE 76.-11ypsobtennh"" /tentz. From egg in 8-rell stage.
lateral viow ahout 3 hours lifter fertilization. A slight do­
prossion in the egg at place of attachment opposite the blas­
todisc is not shown. Note elongate shape of the shaded
hodies. (Drawn by Nell Heury.)

FIGUIlE 78.-1Iypo,lblenniusllentz. From egg in a moderately
advauced cleavage stage; probably about 6 hours after fertil­
Ization. Only that part of the blastoderm projecting above
the yolk is shown as the rest is ohscured by the opaqueness of
the egg. (Drawn by Nell Henry.)

the now very dense yolk cannot be seen (fig. 81). The tail was curved underneath the
yolk where it could not be seen and for that reason was not shown in figure 81.

The development proceeds slowly for such a small egg after the embryo once is
well formed. The embryo may be expected to extend three-fourths of the distance
around the egg in about 3 days at a water temperature of 25° to 27° C. Somites are
evident in at least a part of the body, the eyes are well formed and punctuated with
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dark dots, and circulation is established, although the blood flows slowly. The heart
is situated under the anterior tip of the head. A large artery courses through the
ventral part of the embryo. It recurves rather sharply in the caudal portion where it
leaves the embryo. This vessel then divides and several branches course over the
yolk, reuniting just before reaching the heart. No return circulation is established
in the embryo. Large dark blotches with irregular outlines, sometimes merely

FIGURE 79.-lIvp.<Oblennius hentz. From egg In an advanced
cleavage stage; probably about 8 hours after fertilization.
(Drawn by Nell Henry.)

FIGURE 81.-liypsoblettnius hentz.' ];'rom egg with an early
embryo; tail underneath the opaque yolk; about 2 days
after fertilization. (Drawn by NelllIenry.)

FIGURE 80.-lIypsoblennius hentz. From egg showing blasto­
derm growing around egg; about 1 day after fertilization.
(Drawn by Nell Henry.)

FIGURE 82.-11ypsoblennius hentz. From egg with well­
formed embryo, shOWing blood vessels. Arrows Indicate
direction of flow of blood. About 3 days after fertilization.
(Drawn by Nell Henry.)

branching blotches resembling crows feet, are now present on the surface of the yolk
(fig. 82).

In about 6 days the embryo encircles the egg, the tip of the tail reaching to or past
the head. The eyes are very large and black with a greenish sheen. Heart action
is very brisk, the beats following each other so rapidly that it is difficult to enumerate
them accurately. The number of beats probably is close to 200 per minute. A return
circulation is now established in the embryo. Large vessels still course over the yolk



DEVELOPMENT AND LIFE HISTORY OF SOME TELEOSTS 583

FIGURE 83.-Ilypsoblenniu.• hmtz. From egg with large
embryo: about 0 days aftor fortilizatiou. n, heart. Arrows
show direction of blood flow in the larger vessels. (Drawn
by Nollllenry.)

and these together with the large vein in the embryo all pour their contents into the
heart which has somewhat the appearance of a pit. Corpuscles are plainly evident,
and from their rapid progress it is obvious that circulation is brisk. The old-rose
colored bodies previously present have disappeared. However, some eggs retain a
diffuse pinkish cast in the yolk near the heart of the embryo. The embryo is capable
of much movement. The tail is free and is switched frequently. The embryo is
able to turn within the egg membrane, carrying the yolk with it in its movements.
(fig. 83).

Progress in the development after about the sixth day of incubation seems particu­
larly slow. The embryo increases little in length and the yolk is absorbed very slowly.
Dark markings on the yolk, which tend to decrease in size after about the fourth or
fifth day of incubation, generally disappear entirely a day or two before hatching.
In the meantime black markings become evident on the embryo. A rather large
branching blotch is present on the head between the eyes, numerous black chroma­
tophores also appear on the comparatively large pectorals, and short branching cross
lines mark the myomeres along the ventral
surface of the caudal region of the embryo.
Just before hatching the egg becomes some­
what distorted, the egg membrane being
pushed out somewhat at the head of the
embryo.

Eggs taken on May 31, 1932, which
Were in several different stages of develop­
Jnent, ranging at the time of collection from
11 rather advanced cleavage stage to a stage
in which the embryo already was well differ­
entiated, hatched from June 8 to 12. The
temperature of the water during this time
varied from about 25° to 27° C. The
eggs in a nest taken June 16, 1932, which
ranged in development about equally as
much as those taken on May 31, hatched
from June 24 to 26. The temperature of
the water during this period varied from
about 24.5° to 27° C. Assuming that the
last eggs hatched in each nest were those which were in an advanced cleavage stage
when taken, and that these eggs were laid on the day of collection (concerning which
there can be little or no doubt), the incubation period has a duration, at the tempera­
tures stated, of about 10 to 12 days. The incubation period in this species, therefore,
is longer than in Hypleurochilus gem'inatus (see pp. 596 and 610), and about the same
as in Chasmodes bosquianus.

Hatching, like spawning, apparently takes place early in the morning. At the
time of hatching, the yolk was almost wholly absorbed and the young fish generally
died by the evening of the day on which they were hatched. However, for 4 days in
succession a new lot was present each morning. Sevc1'l11 efforts were made to keep the
fish alive and to induce them to feed and to grow. Some were kept in a tank with
running water, others were transferred to shallow glass bowls with standing sea water.
The lots in running water were not fed, those in standing water in part were offered
towings and in part very finely minced oyster. However, none lived more than 2
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days. The fish presumably did not feed, but it is quite unlikely that they died of
starvation as a bit of the yolksac remained even in those individuals that lived longest.

Newly hatched fish.-The newly hatched fish range in length from about 2.6 to
2.8 mm. The yolk is nearly all absorbed at hatching. The fish are robust anteriorly,
with a broad depressed head. The tail is long and slender, with the vent situated
much in advance of midbody length; distance from snout to vent about 1.0 mm, from
vent to tip of tail, without finfold, about 1.5 mm. The snout is short and very blunt;
the eye is large, having a diameter of about a quarter of a millimeter; the mouth is
large, the gape reaching to or past the middle of eye. Large pectorals with suggestions
of rays are present. The body is fairly transparent. Consequently the outline of
the brain and the circulation can be seen rather definitely. The aorta may be seen
close to the notochord, turning upon itself about an eye's diameter from the tip of
the tail to form the caudal vein. Heart action is too rapid to permit accurate enu­
meration of the beats. However, the number of beats probably is close to 230 per
minute. About 28 to 30 myomeres may be enumerated, being indefinite in advance
of the vent (only 3 or 4 visible) and again toward the tip of the tail. The vertebrae
count in the adult is 33, there being 9 body and 24 caudal ones. The number of more
or less definitely outlined myomeres in the newly hatched fish, therefore, is not far
below the number of vertebrae in the adult.

---=-- .. -
------ --

---,--------------------

F,GURE S4.-IIvpsoblenniu8Ilentz. From newly hatched fish. Length of live specimen 2.6 mm. AV, auditory vesicle. (DraWn
by Nell Henry.)

Several dark markings are present on the newly hatched fish which correspond for
the most part with those already present in the advanced embryo as described else­
where. The eye is very dark with a greenish sheen above the pupil; an irregularly
outlined dark spot is present on the head between the anterior part of the eyes, or in
some specimens several black chromatophores are distributed over the snout to the
interorbital; generally a blackish blotch with branches is present at the auditory vesicle;
many black chromatophores (or in some specimens in part solid black) are present
on the abdominal region; and the ventral side of the tail is marked by short black
branching cross lines. The large pectorals are marked on the inner surface, with
dark chromatophores. The dark markings often are present only on the basal two­
thirds, although sometimes they may cover nearly the entire inner surface and extend
to the margin of the fin (fig. 84).

Comparatively few of the numerous fish hatched lived as long as 2 days. At 2
days after hatching the fish apparently had become more slender and had increased
in length only slightly, being 1.8 to 1.9 mm long. The yolksac was almost all absorbed.
Only minor changes in color had taken place. The black chromatophores on the
abdominal region had become more concentrated along the side near the upper
boundary of the abdomen in the form of an indefinitely outlined oblique band extend­
ing from near the eye to the vent. Only a few separate black branched markings
remained on the ventral surface of the abdomen (yolksac) where a shade of yellOW



DEVELOPMENT AND LIFE HISTORY OF SOME TELEOSTS 585

had appeared. Other color markings remained essentially as in the newly hatched
larvae. The black color along the upper margin of the abdomen, described in the
foregoing lines; the short black lines on the ventral surface of the tail, which remain
as in the newly hatched fish; and the black chromatophores on the pectoral fins are
very useful characters in identifying the larvae hatched in the laboratory with others
taken in towing and described in the following pages.

Specimens 1.5 to 2.0 mm long.-Although the newly hatched fish when alive, or
before preservation, were around 2.7 mm in length, the smallest specimens taken in the
tow are only 1.5 to about 2.0 mm long. These small larvae quite surely belong to the
species under discussion. Their size does not exclude them, as young tender fish
generally shrink greatly when preserved in formalin and alcohol. Young hatched in
the laboratory, preserved when less than a day old in 65 percent alcohol, for example,
decreased in length from about 2.7 to 2.0 mm. The specimens taken in the tow were
killed in formalin and later transferred to about 75 percent alcohol. Some of these
specimens, although 2.0 mm and less in length, evidently are several days old, as
shown by the more advanced development. The older fish are less robust anteriorly,
the pectoral fins are more elongate and less broadly rounded, and suggestions of rays
are present. Indications of rays also are appearing in the vertical finfold around the
tip of the tail. The color on the abdomen has become more concentrated along the
Upper margin of the abdominal mass, the black spots on the inner surface of the pec-
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FIGURE 85.-Hl/p60blennilU hentz. From e. preserved speclmen 3.0 mm long.

torals are prominent, and the cross lines on the ventral edge of the caudal region
remain as in younger fish.

Specimens 2.5 to 3.0 mm long.-The head and trunk are robust, the head being
about two-thirds as broad as deep. The head and trunk have become longer in
proportion to the tail, the distance from tip of snout to vent being contained about
2.4 times in the total length without the caudal finfold. The snout is very short
and blunt, scarcely longer than the pupil, the forehead is very steep, and the mouth
is slightly inferior, moderately oblique, with the tip of the lower jaw a little below the
level of the middle of eye. Three minute preopercular spines are evident in some
specimens. The vertical finfold remains continuous, with indications of rays pos­
teriorly. The pectoral fins are long and rather narrow, with definite rays, and about
three-fourths as long as the head. The most prominent color marking is an oblique
black bar extending from the axile of the pectoral to the ventral outline just in front
of the somewhat protruding hindgut. Several dark dots are present on the ventral
surface in advance of the vent, a distinct dark bar crosses the forehead between the
eyes, and generally several chromatophores are present on the upper surface of the
head and nape. A row of small, vertically elongate, dark spots is situated on the ven­
tral outline of the tail. The most important color markings for the purpose of identi­
fication are dark dots, covering most of the pectoral fins, which extend to the tips
of at least some of the rays (fig. 85).
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Specimens 4.0 to 4.5 mm lang.-The head and trunk remain rather robust, although
less so than in somewhat smaller specimens. The caudal portion of the body is
moderately deep, strongly compressed, and scarcely longer than the head and trunk,
the vent being situated at about midbody length, exclusive of the caudal fin. The
head is deep and rather broad, the interorbital space being scarcely narrower than the
eye. The snout is very short and round, projecting scarcely half the diameter of the
orbit in front of the eye. The mouth is placed low, slightly inferior, oblique, the tip
of the lower jaw being only a little above the level of the lower margin of the eye.
The eye is placed low, that is, nearer to the ventral than the dorsal outline of the
head. Fin rays are only partly developed in the dorsal and anal fins, but more fully
in the caudal fin which is round in outline. The notochord is bent upward at the
base of the fin, as usual in larval teleosts at about this stage of development. Ventral
fins are not evident. The pectorals, however, are long and rather narrow, and
scarcely shorter than the head. A few obscure dark markings generally are present
on the ventral surface of the chest and abdomen; a dark band extends across the fore­
head between the eyes; the occipital surface of the head has one to several dark dots
and a large median black spot is present at the nape. An oblique black band extends
from the axile of the pectoral nearly to the vent; the long pectoral fin, exclusive of
two or three of the upper rays, is densely dotted with black; and a row of very small
black points begins a short distance behind the vent and extends to the base of the
caudal fin (fig. 86).

FIGURE 86.-IIVPBobIBllllluB henlz. From B young fish 4.45 mm long.

Specimens 5.0 to 6.0 mm lang.-The body has continued to grow deeper and
somewhat more compressed since a length of about 4.0 to 4.5 mm was attained. The
head especially is deep and short; the snout remains very short and blunt, being
scarcely more than half as long as the eye. A rather definite bony ridge is evident
now over and in front of the orbit, making the interorbital space quite flat and fully
as broad as the eye. The position of the mouth remains low and is slightly inferior,
the tip of the lower jaw being only a little above the level of the lower margin of the
eye. Five preopercular spines are now visible. Advancement in the development
of rays in the dorsal and anal fins is not pronounced. The caudal fin, however, has
grown proportionately longer and remains round. Ventral fins now are evident as
mere tufts of membrane. The pectoral fins are fully equal to the length of the head
and, exclusive of the upper rays, are dotted with black as in the younger fish, and the
oblique, dark bar behind them remains as described in smaller specimens. A few
indefinite dark spots occur on the chest and sides of the head, and several rather
definite dark chromatophores usually are present on the occipital surface of the head
and nape. A row of very small dark dots on the ventral outline of the tail, or base of
the anal, described in smaller specimens, remains (fig. 87).
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Specimens 8.0 to 10 mm long.-The body is rather deep and strongly compressed,
the depth being contained about 3.4 to 4.0 times in the length without the caudal fin.
The head is deep, the snout remains excessively short, as in smaller specimens, and
the forehead is very steep. The snout projects in front of the orbit a distance scarcely
equal to half the diameter of the eye. The mouth is small, placed very low, almost
horizontal, and terminal to slightly inferior. The tip of the lower jaw is on, or a
little below, the level of the lower margin of the eye, and the maxillary reaches to, or
slightly past, the anterior margin of the pupil. The interorbital remains quite flat,

FIGURE 87.-IIvpsoblennius hentz. From a young fish 6.2 mm long.

with a prominent bony ridge over and in front of the eye. The preopel'cular spines,
while well developed in specimens 8.0 mm long, are proportionately longer in specimens
10 mm in length. The dorsal and anal fins are quite fully developed and a fairly
accurate count of the rays can be made; the caudal fin has an almost straight margin
and is about as long as the head; the ventral fins are well developed and are long and
slender, being nearly as long as the head without the snout; and the pectoral fins are
large, being nearly or quite as long as the head. The lower surface of the head and
chest is variously dotted with black, generally with a few definite dark spots slightly
behind the articulation of the lower jaw, also with a pair of dark spots a short distance
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FIGURE 88.-Ilvpsoblennius hentz. From a young fish 9.8 mm long.

in advance of the ventral fins, and another pair in the axiles of the ventrals. The side
of the head has a few indefinite spots or blotches and the upper surface of the head,
that is from the interorbital backward, beMs brownish spots with dark center and
dark outline. The pectoral fin is almost wholly black in some specimens; in others
two to four of the upper rays are pale, while the rest of the fin is black, and the oblique
dark bar behind the pectoral, very prominent in smaller fish, has become quite obscure
in 10-mm fish. A row of fine dark points along the base of the anal is prese.nt in some
specimens, but not evident in others (fig. 88).
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Specimens about 12 mm long.-The differences between fish 10 and 12 mm long
are not pronounced. However, the body in the larger fish is considerably more
robust, especially anteriorly, the depth as in the smaller specimens being contained
3.4 to 4.0 times in the length without the caudal fin. The bony ridge over and in
advance of the eye is quite as prominent as in the smaller fish. The forehead re­
mains very steep to vertical and projects slightly beyond the low, almost horizontal
mouth. The gape of the mouth is now wholly below the level of the lower margin
of the mouth as in the adult. The preopercular spines have continued to increase
in proportionate length, the one situated at the lower posterior angle having become
much larger than the other, being equal to the length of the eye in one specimen,
but somewhat shorter in others. It is probable that the preopercular spines, which
are not present in the adult, reach their greatest development at this stage and that
they gradually decrease in size in larger fish. Specimens of the proper sizes for a.
study of the recession of these spines, however, are not at hand. A small fleshy
tentacle is now visible over the eye for the first time. Although nearly or quite as
long as the eye in the adult it is scarcely as long as the pupil in fish 12 mm long. A
definite notch between the spinous and soft portions of the dorsal fin is present, as
in the adult. No pronounced development in pigmentation has taken place since a
length of 10 mm was attained. However, dark areas and spots about the head
have increased somewhat in size and number in at least some specimens. A row of
very small black dots still persists on the base of the anal. The dots are not evenly
spaced and not definitely on each interradial membrane, although some variation in
this respect exists (fig. 89).

FIGURE 89.-Iil/p,oblennllU hentz. From 8 young fish 12 mm long.

Unfortunately no specimens ranging from about 13 to 24 mm in length are at
hand, and therefore, a complete picture of the development of the late juvenile stages
cannot be given at this time. Specimens 25 mm long are "young adults" and have
virtually all the characters of mature fish. In such specimens the prominent bony
ridge over each eye, ,very characteristic of the young, has disappeared entirely; the
fleshy tentacle over the eye is nearly or quite as long as the orbit, the preopercular
spines no longer are evident; the caudal fin is round; and pigmentation is complete and
similar to that of fully matured fish. Although the series is not complete, the la.rgest
young (12 mm long) at hand have developed sufficient adult characters to make
identification certain. The extremely steep forehead in the young and the size, shape,
and position of the mouth are quite characteristic of the adults and unlike the other
local species of blennies. Furthermore, the fins are rather fully developed and the
shape and number of their rays agree with those of the adult.
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DISTRIBUTION OF THE YOUNG
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The fry were taken in towings in outside waters 39 times and in inside waters 28
times. No definite record of the number of hauls made was kept. It is probable,
however, that nearly an equal number of towings was made in the inside and outside
waters. Therefore, the indications are that the fry are somewhat more common
off Beaufort Inlet than in Beaufort Harbor and adjacent sounds and estuaries.

The fry were taken in surface towings 48 times and in bottom ones only 16 times.
Although a considerably larger number of surface than bottom hauls was made, the
discrepancy in the number of hauls certainly is not great enough to account entirely
for the difference. Furthermore in 1927 and 1928 the number of surface and bottom
hauls made was about equal and during those years the fry appeared 21 times in the
surface nets, and only 11 times in the bottom ones. Since the bottom nets were not
closed while they were lifted, it is entirely possible that some of the fry occurring in these
nets were not actually taken on the bottom. The larger larvae, 5.0 to about 10 mm
in length (after which they seldom appeared in the tow), occurred in the surface nets
quite as frequently as the smaller ones. It may be concluded, therefore, that the
young of this species, until they reach a length of at least 10 mm, occur in the open
waters and are chiefly surface dwelling.

The size at which the young cease to be chiefly pelagic and begin to occupy the
habitat of their parents (mainly shallow "grassy" areas) is not definitely known, as
no specimens ranging from about 13 to 24 mm in length were taken. Fish 24 mm
in length are "young adults" and may be taken with collecting seines in shallow
water in the usual summer habitat of the adult, while the fish of the smaller size
(13 mm) are still pelagic.

GROWTH

Insufficient specimens were taken to determine the rate of growth. Specimens
5.0 to 6.0 mm in length first occurred in towings early in June and several specimens
10 mm and one 12 mm long were taken in July. Therefore, the indications are
that the larval stages are passed rather quickly, or within 2 or 3 months, and the
earliest young of the season probably become "young adults" during their first
Summer. Specimens ranging from about 13 to 24 mm in length are lacking in the
collection.

HYPLEUROCHILUS GEMINATUS (WOOD). BLENNY

The genus Hypleurochilus contains a single species, which is common at Beaufort,
N. C., and from there it ranges southward to the coast of Texas. This blenny, in
general, is recognized by its rather deep, compressed, naked body; short, blunt head;
low horizontal mouth, with a strong canine tooth on the posterior part of each jaw;
broad pectoral, with 14 rays; long, low, continuous dorsal fin, with 11 to 13 spines and
14 or 15 soft rays; and by a tentacle over the eye; which is much larger in the male
than in the female. Adult males differ from the females, furthermore, in having fleshy
bulbs, covered with folded or creased skin, on the two anal spines, and an eliptical
membranous hood in advance of the anal fin fl,nd in the presence of folds of skin around
the vent. Females have a very distinct genital papilla, at least during the breeding
season, which is not evident in the other sex (fig. 90).

Males reach fI, huger size than the females, for the largest fish in the numerous
catches invariably were males. Furthermore, the la,rgest male seen was 72 mm long
and many others nearly as large were present in the collections, whereas the largest
female was only 58 mm in length.



590 BULLETIN OF THE BUREAU OF FISHERIES

The common habitat of this blenny locally is among marine growths attached to
wharf and bridge piling and to rocks of breakwaters. The ripe fish used in the present
investigations were secured from the marine growths (principally ascidians) attached
to the wooden piling of a railroad bridge near the laboratory. The fish were caught
with a scrape net, that is, a dip net with a flattened side, provided with a blunt cutting
edge. With such a net the marine growths, in part, may be scraped from the piling
and frequently a blenny is contained among them. Collecting is most conveniently
and efficiently done on low tide. During July and August 1930, one man could catch
from two to four dozen fish with a scrape net on the low stages of a single tide.

Hypleurochilus geminatus is very hardy and it lives well in an aquarium. There­
fore, if captured specimens were not quite ripe, they could be retained several days until
their sexual products matured.

This species occupies a habitat which is almost identical with that of the adult
sheepshead (Archosargus probatocephalus), the gamest of the locally represented salt
water fishes. Both species feed on attached marine growths and on free swimming
forms (principally crustaceans) which also frequent these marine growths. However,

FIGURE 9O.-Hvpleurochilu8 geminatu8. }<'rom adult male 55 mm long. Note plicate membranous bulbs attached to anal spines,
covering the anterior one almost completely.

the competition probably is not great, as the blenny requires much smaller bits of food
than the sheepshead. And young sheepsheads do not enter into the competition,
because they have an entirely different habitat. (See p. 532.)

Hypleurochilus probably is preyed upon to a limited extent by predatory fishes,
but its habitat is very restricted, as already shown, and of such a nature that it is not
visited by many species. Neither is this blenny abundant enough to be of much im­
portance as a forage fish. Therefore, its economic value locally must be very slight.

SPAWNING

The presence of eggs of several different sizes within the ovary at one time, as
will be pointed out subsequently, suggests a long spawning season. That the period
of reproduction is a long one is substantiated by the presence of small fry, under 5.0
mm in length, in the tow from spring to autMmn, or to be exact, from May 11 (1929)
to October 5 (1927). Such small young were common from the last half of May,
through June, July, and August. In September they became less numerous. It
seems evident, therefore, that the spawning period extends from May to September,
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inclusive, or possibly into the early part of October, with the principal spawning
activities taking place during May, June, July, and August.

Adult fish were examined for their spawning condition only during July and
August when the egg development reported upon in the following pages was studied.
Nearly all the adults taken during July contained ripe or nearly ripe roe. However,
during August the percentage of spawned-out fish increased steadily, indicating that
the end of the spawning season was approaching.

"Nests" containing the eggs of this blenny have been found from time to time
for several years and were first reported by Dr. R. E. Coker (in Smith, 1907, p. 377),
Who found them attached to "rocks, ascidians, shells, etc." During the present
investigation they have been taken on ascidians only. The ova are neatly arranged
in rather regular series and in a single layer. They are placed close together, but do
not touch, and one nest may cover an area of 2 to 3 square inches.

Although naturally spawned eggs were taken several times, the development
could not be observed satisfactorily within the nests, und it was found impracticable
to remove the eggs from their place of attachment without injury. Therefore, other
means and methods for their study had to be devised.

On one occasion ripe fish were secured and artificially spawned in a glass dish.
The eggs adhered equally as tightly to the glass as to the ascidians.

Ripe or nearly ripe fish were confined in 1930 in a small aquarium, the bottom of
whip,h had been covered with microscope slides. It was hoped that the slides would
receive the eggs when cast and, if so, they could be placed under the microscope for
the study of the development. Eggs apparently were cast, as shown by "marks" on
the slides where they had been attnched. However, they npparently had been eaten
by the fish. Thereupon, ripe fish were secured and the eggs were expressed directly
on microscope slides where they were fertilized and then placed into sediment dishes,
containing sea water, for development. The slides with the eggs attnched were
removed from the water from time to time for study under the microscope. The
eggs did not suffer injury by being exposed to the air for several minutes at a time.
By adding water at frequent intervals in sufficient amounts to keep them moist, the
observation could be carried on as long as desired.

The presence of several different sizes of eggs within the ovary and the com­
paratively small number that ripens at one time suggest that this blenny spawns sev­
eral times during a breeding season. The eggs in the "nests" observed also were in
several different stages of development, ranging from apparently recently laid eggs
to others with large embryos, showing that they were not all deposited at the same
time. It is not known, however, whether a nest is the product of a single female or
whether it receives eggs from two or more individuals. Since all the ovaries examined
contained eggs of several sizes, it seems possible that a nest may be the product of a
single female and that it returns from time to time to deposit additional eggs as they
become mature. (See footnote 7, p. 578).

No males were found from which milt could be expressed. To obtain fertilization,
males were killed, the testes removed, placed on a slide or in a small dish, with several
drops of sea water, and cut and mashed into a pulp with a scalpel. Then the liquid
Was drawn off with a pipette, distributed over the freshly expressed eggs, and allowed
to remain there for about 5 minutes before the eggs were transferred to sea water.
Fertilization resulted readily.

It was not observed that the nests of Hypleurochi1118 geminatu8 are protected by
a pnrent fish like those of Hyp8oblenniu8 hentz and Cha8mode8 bosquianus, as stated
elsewhere in this paper. Since the eggs of nearly a11 species of blennies, as far as
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known, are guarded by a parent fish, it seems probable that they are similarly
protected in the present species.

DESCRIPTIONS OF THE EGG AND YOUNG

Description oj the eggs.-Mature eggs within the ovary, according to preserved
material examined, are slightly flat on one side to which a sort of disk, or "foot", is
attached. Immediately after spawning the eggs adhere firmly, by means of this
disk, to objects (probably principally ascidians in nature) with which they come in
contact. The disk as seen under the microscope in newly spawned eggs is granular,
slightly irregular in shape, and a little greater in diameter than the egg. The eggs
are relatively small, as the diameter of 25 ova secured from several different females
(measured in the same plane as the surface to which they were attached) ranged from
0.6 to 0.75 mm, with an average of 0.694 mm.

The mature unfertilized egg is so opaque that its structure cannot be seen definitely.
The center of the egg as seen with the microscope, using transmitted light, is somewhat
paler in color and more densely opaque than the rest of the egg. The pale center
is surrounded by purple and orange spots, or spheres, which vary among themselves

FIGURE 91.-IIypleurochilm geminalu8. From egg before fer­
tilization. 'l'he adhesive foot is shown extending beyond the
outline of the egg.

FIGURE 92.-IIypleurochilm geminatm. From egg with blasto­
disc, shortly before the first cleavage; about 25 minutes
alter fertilization.

in the intensity of their color. By changing the focus of the microscope a slight
network of cellular structures, too, is evident on the surface of the egg. The peri.
vitelline space is very small and the yolk is slightly granular (fig. 91).10

:Jegmentation and the development oj the embryo.-Fertilization does not cause It

change in the size and shape of the egg. The blastodisc becomes evident about 25
to 35 minutes after fertilization at a water temperature of about 28° C. It is not It

perfect disc, however, as it is somewhat irregular in shape and generally slightly
elongate. Neither does it occupy the center of the upper surface of the egg. Owing
to the density of the egg its outline usually cannot be seen definitely (fig. 92).

The first cleavage occurs about 1%to 2 hours after fertilization at a water tem·
perature of 27° to 28° C. The cells, while not plainly visible throughout, appear unequal
in size. Some variation in this respect, however, is evident. Upon completion of

10 Figures 89 to 102 were drawn from live material; those from 103 to 107 from preserved specimens.
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the first cleavage some influence is exerted on the color markings within the egg
(previously described as clustered rather closely around the opaque center), which
suddenly, as through an explosion, become rather widely scattered within the egg
(fig. 93).

The second cleavage plane generally follows the first very quickly. In fact some
eggs reach the four-cell stage as quickly as the two-cell stage is attained in others.
An irregularity in size and shape of the cells remains evident. It is obvious, also,
that the purple and orange markings have increased somewhat in size (fig. 94).

The eight-cell stage may be expected about 2% to 3 hours after fertilization, when
the water temperature ranges from 27° to 28° C. The cells, although not plainly evi­
dent throughout, appear even more irregular and unequal in size than in the earlier
stages. The purple and orunge spots, or spheres, have continued to increase in size,

FIGURE 93.-lIupleurochilu8 gemina/U8. From egg in 2-cell
stage; H4 hours after fertilization.

FWURE 94.-IIuplwrochilu8 geminatu8. ]<'rom egg in 4-cell
stage; H4 hours after fertilization.

some of them being nearly twice as large as in the four-cell stage, and they cover most
of the germinal disc, further obscuring vision of the segmental processes (fig. 95).

The eggs that failed to adhere to the slides by means of the foot, because of crowd­
ing or other causes, did not develop. It is important, therefore, that they become
attached in the proper position. Judging from the neat and even arrangement of
the eggs in the "nests", it would seem highly improbable that a loss from a similar
Souree would oecur in nature.

The 16-cell stage follows the 8-cell stage rather quickly and may be expeetcd
within about 2% to 3}f hours after fertilization at a water temperature of 27° to 28° C.
The cells remain irregular in shape and unequal in size. The germinal dise now
spreads over nearly the entire upper surface of the yolk (fig. 96).

Cell division continues to progress ra.pidly, the 32-cell stage following the 16-eell
one very quiekly. Owing to the opaqueness of the egg and the large eolor markings,
segmentation is very obscure and it generally cannot be followed after the 32-cell
stage is reached. The germinal disc now appears to cover the entire upper surface
of the yolk. The large opaque center of the egg remains unchanged. In the advanced
cell stages the purple spots, varying among themselves in intensity, have all become
somewhat less brilliant in color and are irregularly distributed in the yolk. The
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orange and yellow spots, too, are much scattered, but nppear to remain unchanged
in the intensity of color.

It has been stated that the development cannot be followed for some time after
the early cleavage stages, owing to the opaqueness of the egg. As a result, the next
phase in the process that is clearly evident is the appearance of a notch in the edge
of the yolk which no doubt is occupied by the head of the newly formed embryo. This
stage is reached in about 20 to 40 hours at a water temperature of 27° to 28° C.
(fig. 97).

}<'IGURE 95.-IlvpleuTochiluB geminatua, From egg in 8-eell
stage; about 2)4 hours after fertilization.

,
FIGURE 117,-livpleurochllua geminafuB. From egg showing

early stage of differentiation of embryo. 21 hours atter
fertlllzatlon,

FIGURE OO,-IlvpleuTochiluB geminatuB. From egg in aboll 1
16-0011 stage; 2% hours alter fertilization,

FIGURE 98.-11vpleurochilu. gemlnalua. From egg with well­
di1ferentlated embryo; 26 hours atter fertilization.

The outline of at least the head (with large eyes) and tail, which extend beyond
the periphery of the opaque yolk, becomes distinctly visible about 25 to 27 hours
after fertilization at a water temperature of 27° to 28° C. It is evident now that
the embryos are not all in the same position. Some of them lie above the yolk,
others curve underneath it, and still others occupy positions intermediate between
the ones mentioned (fig. 98).
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Very soon after the embryo becomes well differentiated the purple spots become
quite diffuse and shortly disappear. The pale, densely opaque center and the yellow
spheres persist somewhat longer. At about this stage two black wavy lines or bars
become evident on the yolk. These bars usually meet at one end in the form of
a U or a V, although occasionally they are separate. The cellular structures on the
yolk of the egg, mentioned previously, have become smaller and much less definite.

About 48 hours (2 days) after fertilization at a water temperature of 26° to
28° C. the embryo has nearly encircled the egg. Several somites are visible, but
a definite count cannot be made. Circulation is evident. The heart is located
under the anterior part of the head, from which a large blood vessel rises and courses
through the length of the embryo to near the tip of the tail and then runs across
the yolk back to the heart. If other blood vessels are present, they cannot be seen.
The embryo already is capable of some movement. The black bars on the yolk,
previously mentioned, are now broad and distinct and show indications of breaking
up into spots in some specimens. The opaque center of the egg has disappeared,
and very rarely a few spots, previously purple but now changed to pink, remain.
In some eggs yellow spots are still definitely present. In others they seem to have
become diffuse, giving the yolk a yellowish tinge (fig. 99).

FIGURE g9.-llvpleurochilu6 gtmlnatu". From egg with well­
doveloped embryo; 2 days after fertllizatlon. AV, auditory
vesicle; II, heart; BV, blood vessels. Arrows Indicate direc­
tion of flow of blood.

FIGURE lOO.-HvpleuTochilm geminalu6. From egg with mod­
erately large embryo, encircling the egg; 3 days after
fertilization. Note pigment on the eye and compare pigment
on the yolk with that shown In figures 98, 99, and 101.

About 72 hours (3 days) after fertilization, at a water temperature of 26° to
28° C., the embryo slightly more than encircles the egg, although its entire outline
generally cannot be seen. The eyes now are completely pigmented with black and
overcast with green, particularly above the pupil. Circulation is brisk. The violet
colors have entirely disappeared from the yolk, but a few yellow spheres still persist
in some specimens. The two dark bars on the yolk usually are broken up into dark
spots at this stage. Considerable variation in this respect, however, was noticed.
The yolk has been reduced greatly and now occupies only about half the space within
the egg case (fig. 100).

Development progresses rather slowly in the advanced embryonic stages. About
96 hours (4 days) after fertilization, at a water temperature of 26° to 28° C., the
embryo has curved somewhat further round the periphery of the egg than in the last-
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described stage (72 hours), and shows greater activity. The tail appears to be quite
free and the eyes, which are very prominent, frequently are "rolled" within their
sockets. Circulation is very brisk, corpuscles now being plainly evident in the blood.
The aorta can be seen to turn on itself in the tail of the embryo in those specimens
that happen to be in such a position that a lateral view is obtainable. Several blood
vessels are now visible in the yolk. Some golden color markings without definite
outlines have appeared on the head of the embryo in some of the eggs and mixed with
the golden color are two dark chromatophores. The yolk which has become greatly
reduced and somewhat half-moon shaped usually is marked with several large irreg­
ularly shaped dark spots or blotches. Much variation in the size, shape, and number
of these spots exists among specimens. One specimen, for example, had a single large
elongate black blotch, whereas others had many smaller spots. A few specimens
were seen in which a few yellow spheres remained in the yolk. The egg remains round,
as seen from above in its attached position, and according to measurements made of
four eggs no measurable change in the diameter has occurred (fig. 101).

Hatching begins during the sixth or
seventh day after fertilization when a teln­
perature of about 26° to 28° C. prevails,
and it may extend over a period of at least
24 hours. That is, among a batch of eggs
all fertilized at the same time, some of the
eggs may hatch fully a day earlier than
others. An incubation period of 6 to 8 days
at the comparatively high temperature
which pervailed during the present study is
regarded as a very long one for such a
small egg. Many other marine fish eggs
of similar size which have been studied
hatched in 2 to 3 days.

Just before hatching, the eggs become
somewhat distorted, that is, the portion of

FIGURE lOl.-lIvpleuTochilu3 oeminatU3. From egg with the egg case at the head of the embryo
large embryo: 4 days after fertilization. H, heart; BV, protrudes, causing the egg to become elon­
blood vessels. Arrows indicate direction of flow of blood.

gate and to have a somewhat uneven out-
line. The egg and embryo are more opaque than previously and the structures are
even more difficult to see. On the head of the embryo is a network of yellow and
black markings, and at midbody length are dark, more or less branched, cross lines.
The embryo is capable of much movement and appears to struggle, probably in an
effort to break the egg case.

Newly hatchedfish.-The newly hatched fish is close to 2.4 mm long. It emerges
with an extremely small yolksac. Although the fish is very stocky anteriorly its
tail is long and rather slender; preanal length is contained 2.45, and postanal length
1.7 times in total length without the caudal fin membrane. The head is blunt, the
mouth large and slightly inferior, and the pectoral finfold is prominent. The eye is
relatively large, much longer than the snout, and nearly half the length of the head.
About 26 myomeres are present. The body is quite transparent and the outline
of the brain, the heart, and the circulation can be seen rather plainly.

The head and trunk are largely overcast with a yellowish tinge; two irregular
dark spots (or simply a blotch in some specimens) are present below the auditory
vesicle; a large dark area is present on the upper part of the abdominal mass; and
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generally several dark chromatophores occupy the ventral edge of the abdomen,
besides a few to several dots which are variously distributed. Dark bars, appearing
as spots in a lateral view, are present on the ventral edge of several of the caudal
myomeres in some specimens, and on most of them in others. The large eyes are black
with a greenish sheen over the pupil. The newly hatched fish swims or floats on its
back and is very active (fig. 102).

The fish hatched in the laboratory lived only about 2 days. No change worthy
of note, except that the color on the abdomen became more diffuse, took place in
the meantime.

Newly hatched larvae of this species are a little smaller (length 2.4 mm) than those
of Hypsoblennius hentz (length 2.7 mm). The larvae of the latter species are also
rather more stocky anteriorly. Furthermore, the black marks on the abdomen appear
as separate branching chromatophores and are quite generally distributed, whereas in
H. geminatus the black is concentrated mostly on the side near the upper margin of the
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FIGURE l02.--llvpleurochllus geminatu8. From a newly hatched fish 2.4 mm long when alive. AV, auditory vesicle.
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FIGURE l03.-Hvpuurochilus geminattt.l. From a preserved specimen 1.6 mm long. This larva Is smaller than the newly hatched
live fish (Fig. 102) quite certainly because of shrinkaKe In preservative.

abdominal mass into almost solid black with only a few scattered chromatophores
elsewhere. In H. hentz most of the inner surface of the pectoral fin membrane is
dotted with black branching chromatophores, whereas in H. geminatus only a few
black dots at most are present at the base of this fin.

Specimens 1.5 mm long.-The head and trunk in preserved specimens of this size
are short and rather robust, while the tail is long, rather slender and compressed, the
head and trunk being contained about 2.4 to 2.9 times in the total length without the
caudal finfold. The snout is very short and round, scarcely extending beyond anterior
margin of eye. The mouth is small, oblique, and terminal, with the tip of the lower jaw
slightly below the level of the middle of the eye when the mouth is closed. The
vertical finfold is continuous and without rays. The pectoral fins appear as mere
tufts of membrane, scarcely longer than the pupil and the ventral fins are not evident.
An oblique dark bar extends from the axile of the pectoral to the ventral outline just
above the vent; the ventral surface of the chest and abdomen generally is marked with
a few to several dark points; and a distinct dark bar crosses the forehead between the
eyes. A rather close-set row of fine, vertically elongate, dark spots is present on the
ventral outline of the tail, and the base of the rudimentary pectoral is mostly black
(fig. 103).
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Blennies of this size are difficult to identify. However, the specimens assigned to
this species are a little less robust than those referred to Hypsoblennius hentz. Further­
more, those of the last-mentioned species have rather larger pectoral fin membranes
with the basal two-thirds or three-fourths spotted with black, whereas specimens of H.
geminatus have black only on the fleshy base of that fin.

It will be seen from the two foregoing descriptions that the live fish at hatching
are longer than the larvae just described, although the latter are somewhat more
advanced in development. The difference, no doubt, is the result of shrinkage during
preservation in the last-mentioned group.

Specimens 2.0 to 3.0 mm long.-The body is rather strongly compressed through­
out, the head being about half as broad as deep. The head and trunk are short in
proportion to the tail, the distance from the tip of the snout to the vent being con­
tained about 2.9 times in the total length without the caudal finfold. The snout,
although rather blunt, especially in 2.0-mm fish, is more pointed than in Hypsoblennius
hentz and about one-third (in 2.0-mm fish) to two-thirds (in 3.0-mm fish) the length of
the eye. The mouth is terminal and strongly oblique, with the tip of the lower jaw a
little above the level of the middle of the eye when the mouth is closed. The vertical
finfold is continuous with indications of rays posteriorly in 3.0-mm fish, but not in
smaller ones. The pectoral fins are short and broad and scarcely longer than the eye.
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FIGURE 100.-IIVPUurochi/us gemlua/us. From a larvlI2.1 mm long from the tow.

A broad black oblique band extends from the axile of the pectoral to ventral outline
just above the protruding hindgut. The ventral outline of the chest and abdomen
usually bear a few dark dots, the upper surface of the head and nape generally has one
or more dark chromatophores, and usually a faint dark bar across the forehead between
the eyes. A row of small, vertical, slightly elongate dark spots is situated on the
ventral outline of the tail. Dark dots also are present on the base of the inner l'lurface
of the short pectorals (fig. 104).

This species is distinguished from Hypsoblenniu8 hentz at this size chiefly by the
longer and more pointed snout, less strongly elevated forehead, the more strongly
oblique mouth, and the much shorter and broader pectorals which bear dark dots
only at the base on the inner surface, whereas in H. hentz the dark specks extend to
the tips of the fins. These differences are evident in specimens as small as 2.0 mm in
length. Smaller larvae, as already stated, are difficult to identify.

Specimens 4..0 to 4..5 mm long.-The head and body are compressed, the caudal
portion of the body being longer than the head and trunk, with the vent situated well
in advance of midbody length. The head is deep and rather narrow, the interorbital
space being only about half the width of eye. The snout is moderately pointed and
about three-fourths as long as eye. The mouth is terminal, rather strongly oblique,
the tip of the lower jaw being scarcely below the level of the middle of the eye. The
eye is placed moderately high and is about equidistant from the dorsal and ventral
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outlines of the head. Fin rays are only partly developed in the dorsal and anal fins,
but much better in the caudal fin which has a round outline. Ventral fins are not
evident and the pectoral fins are short and broad, and scarcely longer than the eye.
Several more or less distinct dark dots are present on the ventral surface of the chest
and abdomen, and on the head and nape; an obscure dark bar crosses the forehead
between the eyes. An oblique black bar extends from the axile of the pectoral nearly
to the vent; and the inner surface, only, of the base of the pectoral is black. A row
of small black dots begins a short distance behind the vent and extends to the base of
the caudal fin (fig. 105).

Specimens of this species at this size differ from those of the same size of Hypso­
blennius hentz principally in the longer and more pointed snout, more strongly oblique,
terminal mouth, in the much shorter pectoral fins, which are black at the base on the
inner surface only, and in the somewhat more anterior position of the vent, the caudal
portion of the body being longer than the head and trunk.
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FJ(HlItE 105.~JIyplfUTochilus geminatus. From fI young fish 4.0 mill long.

Spec'imens 5.0 to 6.0 rnm long.-The body is moderately deep and rather strongly
compressed, having made no pronounced change in shape since a length of 4.0 mm was
attained. The snout is slightly more rounded than in smaller specimens and usually
only a little shorter than the eye. 1'he interorbital is strongly convex and somewhat
narrower than the eye. The mouth is terminal and the tip of the lower jaw is on or
somewhat below the level of the center of the eye. The preopercle in some specimens
Shows indications of minute spines, but it appears to be smooth in others. Advllnce­
Inent in the development of rays in the dorsal and anal fins, since a length of 4.0 mm
Was attained, is not pronounced and a definite enumeration of the rays cannot be
Dlade. The caudal fin, however, has grown proportionat('ly longer, is broadly rounded,
and similar to the adult. Very minute ventrals are evident in only a few of the rather
numerous specimens of this size examined. The pectorals have increased in propor­
tionl1te length and frequently are about as long as the eye and snout. The black,
Confined to the inner base of the pectoral fin in smaller specimens, now extends some­
What on the lower rays of the fin, and the prominent oblique dark bar originating in
the axile remains as described in smaller specimens. The ventral surface of the chest
and abdomen usually bears several indefinite dark spots; the sides of the head generally
have a few very small dark points; and the occipital surface of the head and nape has
several more definite ones. A row of somewlu1t obliquely elongate dark spots begins
a short distl1nce behind the vent and extends to the base of the caudal fin, It is evi­
dent now that the spots I1re situl1ted between the bases of the anal rays (fig. 106).

The principal chamcters distinguishing this species from IIypsoblennius hentz at
this size do not differ greatly from the ones mentioned for specimens 4.0 to 4.5 mm in
length. The snout in H. geminatus remains longer, although scarcely as pointed;
the mouth is terminal and more strongly oblique; the pectoml fins, although they have

154979-38-7
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increased in proportionate length, remain shorter and the black on their bases is much
less extensive. l-I. hentz, in the meantime, has developed a bony ridge over and in
advance of the eye making the interorbital quite flat. This bony ridge is entirely
missing in H. geminatu8 and the interorbital is strongly convex.

Specimen8 8.0 to 10 mm lang.-The body is moderately elongate and rather
strongly compressed, the depth being contained about 5.3 to 5.7 times in the length
without the caudal fin. The head is moderately deep; the snout tapers and is about
three-fourths as long as the eye; and the forehead is not very steep, being rather evenly
and fairly strongly convex. The mouth remains rather strongly oblique and terminal,
as in smaller specimens. The tip of the lower jaw is slightly below the level of the
middle of the eye, and the maxillary reaches only a little past the anterior margin of
the orbit. The interobital remains strongly convex, with only slight indications of a
bony ridge over and in advance of the eye. Vcry small preopercular spines are present,
the longest scarcely exceeding the length of the pupil. The dorsal and anal fins are
quite fully developed and a fairly accurate count of the rays can be made. The caudal
fin has a straight to a round margin and is nearly as long as the head without the snout.

FIGURE lOH.-lIgpleurochilu3 geminal·u3. From a young fish 0 mmlong.

FIGURE 107. Ilgple'urochillU gemillutlU. From" young fish 8.5 mm long.

The ventral fins remain very small ill specimens 8.0 mm long, but have increased
considerably in length in fish 10 mm long, when they are about equal to the eye.
The pectoral fins are broad at the base, the middle rays being somewhat produced and
about as long as the head without the snout. The ventral surface of the chest and
abdomen usually bears a few to several dark dots, sometimes a few dark markings also
are present on the sides of the head, and the occipital portion of the head is marked
either with small dark dots or with somewhat larger, less well-defined dark or brownish
spots. The pectoral fin has a few to several dark dots at the base on its inner surface,
and the oblique dark bar behind the pectoral, prominent in smaller specimens, has
become quite indistinct in some specimens. Small elongate dark dots situated between
the bases of the anal rays, described in smaller specimens, have become more elongate.
Each one bends back abruptly and reaches the ray situated immediately behind it It

short distance above the base of that ray (fig. 107).
The characters distinguishing the young of this species, when 5.0 to 6.0 IDm

long, from I-lypsoblenniu8 hentz of the same size, in general, also separate young 8 to
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10 mm long. The difference in the depth of the body is somewhat more evident than
in smaller fish, H. hentz being notably deeper and also somewhat stockier. The much
longer preopercular spines, particularly those at the lower posterior angle in H. hentz,
too, are useful in separating the species. Another helpful difference is found in the
shape of the dark dots at the base of the anal, \vhich have become elongate and form
lines in H. geminatus, whereas they are round in H. hentz.

Specimens about 12 mm long.-The body has increased somewhat in robustness
since a length of 10 mm was reached, but it remains much more slender than in speci­
mens of Hypsoblennius hentz, of this size, the depth being contained in the length
without the caudal fin 4.4 to 4.75 times. The forehead is strongly convex, but not
vertical; the snout projects quite prominently, being fully three-fourths as long as the
eye; and the mouth is terminal and only slightly oblique, with the tip of the lower
jaw scarcely above the level of the lower margin of the eye. A low bony ridge, evident
over the eye in somewhat smaller specimens, is scarcely visible now and the inter­
orbital remains strongly convex. :Minute preopercular spines remain present and do
not seem to have either increased or decreased in proportionate length since the fish
attained a size of 10 mm. A small fleshy tentacle, notably shorter than the pupil,
is visible over the eye for the first time. The dorsal spines, as in the adult, are shorter
than the soft rays of that fin; the caudal fin has a nearly straight margin; and the
ventrDI fins have increased in proportionate length, being almost twice as long as the
eye. Pigmentation remains virtually as in the smaller fish described in the preceding
paragraph (fig. 108).

FIGURE 108.-11vpleu,ochilu8 geminatu>. From a young flsh 12 mm long.

Hypsoblennius hentz is distinguished from the present species at this size (as in smaller
fish) by the vertical forehead, the slightly inferior horizontal mouth, the prominent
bony ridge over and in advance of the eye, by the much larger preopercular spines, and
by the greater amount of black color on the pectoral fins.

Specimens 15 to 16 mm long.-Specimens of this size are very similar in shape
to the adult, and they have the appearance of being much older fish than 12- or even
14-mm specimens. The body has become deeper and more robust, the depth being'
Contained in the length, without the caudnl fin, 3.3 to 3.6 times. 'rhe snout projeets
rather prominently in advance of the forehead and it is nearly or quite equnl to the
length of the eye. The small mouth is now wholly below the level of the 10\ver margin
of the eye. It is almost horizontal, as in the adult. The lower jaw is slightly shorter
than the upper one and the maxillary scarcely reaches beyond the anterior margin
of the pupil. Preopercular spines, present in somewhat smaller specimens, are not
evident. Three or four fleshy tentacles, placed close together and in a transverse
row and rising from a common base, are present over eaeh eye, the longest one being
about as long as the pupil. Another fleshy tentacle is present behind the nostril.
'rhe fins are all shaped virtually as in the adult. The color cannot be fully described,
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as only old alcoholic specimens (collected in 1912 and 1913) of this size are at hand.
They are rather pale in color and have only a few dark points in advance of, as well
as behind, the ventral and pectoral fins. Similar dots occur on the occipital portion
of the head, and a row of elongate dark spots are present on the base of the anal fin
(fig. 109).

Specimens 20 to 22 mm long.-A canine tooth on the posterior part of each jaw,
constituting a generic character, has become evident at about this size. Pigmenta­
tion is general and complete, and similar to that of the adult. Recently preserved
specimens (which do not differ greatly in color from live fish) are brownish. Some
are plain dark brown and others, somewhat lighter in color, have indications of dark
bars on the upper part of the sides. Indefinitely outlined dark spots are present
along the middle of the sides and also on the base of the anal fin. The dorsal and
anal fins are profusely dotted with brown, similar to the body, as seen under mag­
nification. A dark spot is present on the membrane between the first two dorsal
spines, the margin of the anal is pale, and the caudal fin has dark cross bars. The
ventral and pectoral fins are finely dotted like the dorsal and anal, and the pectorals
in addition bear larger dark spots.

FIGURE 1O\J.-lIvpleuTochilU8 geminatu8. From II young fish 16 mm long.

Specimens 20 to 22 mm long virtually are "young adults" with posterior canines,
and with the color almost identical with that of the adult. The size of the fish at
which general pigmentation takes place, however, has not been determined, as only
greatly bleached alcoholic specimens ranging from 14 to 18 mm in length are at hawl.
It can be stated at this time only that general pigmentation has not begun at a length
of 14 mm, whereas it is complete at 20 10m.

DISTRIBUTION OF THE YOUNG

The fry were taken in towings in outside waters 76 times and in inside waters
12 times. No record of the numbers of towings taken was kept, but it is probable
that nearly as many hauls were made in inside waters as in the outside ones. The
collections show, therefore, that the young are more numerous off Beaufort Inlet
than they are in Beaufort Harbor and adjacent sounds and estuaries.

The fry were taken in surface towings 65 times and in bottom hauls only 16
times. Although a considerably larger number of surface than bottom hauls waS
made, the discrepancy in the numbers of hauls certainly was not great enough to
equalize the difference. Furthermore, in 1927 and 1928 the surface and bottom
hauls were nearly equal in number and during those years the fry occurred in surface
towings 51 times and in bottom drags 9 times. Since the bottom nets were Dot
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closed while they were hauled in, it is possible that some of the fry caught may
have been taken somewhere between the bottom and the surface. The larger fry
(5.0 to 10 mm) were taken no more frequently in bottom drags than the smaller
ones. Therefore, the evidence is that the larvae of this speeies, until 11 length of
about 10 mm is reached, live in the open waters and are chiefly surface dwelling.

Fish of all sorts, after reaelling a length of about 10 to 15 mm, are taken
sparingly in I-meter tow nets. Many species at this size may be taken in an otter
trawl, having the cod end covered with bobbinet. That mode of collecting failed,
however, for the present species, very probably because the fish no longer occurred in
the open waters. The usual habitat of the adults, as stated elsewhere, is among
marine growths attached to wharf and bridge piling, rocks, shells, etc., und specimens
as small ut 16 mm in length have been taken in such an environment. However,
no special effort to collect small fish in the favorite haunts of the adults has been made.
It seems probable that the young fish, after abandoning the open waters, take up their
abode with the adults and that they will be found there when collections nre made
with suitable apparatus.

GROWTH

The data on the rate of growth are meager, owing to the scarcity in the collections
of specimens ranging from about 10 to 15 mm in length. A change in habitat
apparently takes place at about this time in the life of the fish, as already shown.
The new habitat is not well known and requires further exploration. Examples
around 8.0 mm long occurred in the tow as early as June 2 (1928), and are rather
common thereafter throughout the summer. Also, several specimens about 10 mm
long were eaught in the tow during the summer, the first one of this size having been
taken on July 3 (1928). However, a larger one (12 mm) was caught as early as
.Tune 28 (1927). These dnta indicate, therefore, that the larval stages ure passed
rather quickly and that 11 length of 8.0 to 10 or even 12 mm mll.Y be attained within 1
to 2 months nIter hatching.

Specimens 16 to 22 mm long were dredged on shelly bottom and cllUght on
wharf piling in July and August. Such fish nre "young adults" and mayor may not
belong to an older yenr class. They, at least, look much older and more mature tlul.n
the single 14-mm specimen Recured in the tow. The indicll.tions lire, therefore, thai
ho great increase in length takeR pluce at the time (between about 14.0 and 16.0
mm) when the fish acquires nearly n.Il the chumcters of the Ildult. It is during this
time and probably somewhat earlier, as already point.ed out, t.hat the fish leaves the
surface waters nnd begins to live with the adults Hmong marine growths ottached to
rocks, shells, submerged timbers, wharf piling, ond other objects.

CHASMODES BOSQUIANUS (LACEP~DE). BANDED BLENNY

This bleuuy is not very common at Beaufort, and the least numerous of the three
local species. It is reported from New York to Florida, apparently being more
numerous in Chesnpeake Bay thnn elsewhere. It may be distinguished from the
other blennies occurring locally by the more pointed snout, by the larger mouth
(the maxillary reaching to or past posterior margin of the eye), the absence of canine
teeth (present in llypleurochilu8 geminatu8 only), by the rather longer dorsal and nnal
fins (the dorsnl formula being XII, 18, and that of the anal II, 17 or 18), and the
fewer rnys in the pectoral fin (12, rarely only 11).

Insufficient specimens are at hand to determine the relativp Rizes attained by
the sexes. No lllales or females exceeding a length of 70 mm w('re R('('n at Beallfort.
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The secondary sex characters do not differ noticeably from those of the other local
Rpecies. Each anal spine bears a fleshy expansion at the tip in adult males, and a
membranous expl1nsion is present immediately in ILclvance of the anal fin. Also the
female has a more or less distinct anal papilla (fig. 110).

This blenny apparently inhabits shelly bottom only at Beaufort, though in
Chesapeake Bay it was taken on clay, mud, and sand (Hildebrand and Schroeder,
1928, p. 333). A few specimens were taken at Beaufort in nets hauled over shelly
grounds. A somewhat larger number of fish, however, was taken by hand in oyster,
clam, and scallop shells. The shells were occupied not only during the spawning
season, but at other times also and by both sexes.

FIGURE IlO,-Chasmodes bosquianus. From adult male.

The banded blenny is hardy. It lives well in confinement, and during cool
weather at least it can live out of water a long time. For example, on the afternoon
of November 24, 1927, an individual occupying a scallop shell containing some sand
and mud was picked up by hand. It was placed in a dry container with the shell
und left over night. The next morning the fish was still in a lively condition. Upon
being placed in an aquarium it at first deserted the shell, but soon afterwards reoc­
cupied it. It lived in the aquarium for several weeks, and allowed itself to be lifted
from the water with the shell numerous times. Some of the nests found were so
near the usual low-tide line that they must become exposed when rather exceptionally
low tides occur. At sllch times if the male fish gUl1.rding the nest does not desert
it, he may have to live for a while either without wMer, or at most only from water
brought by the wash of waves. Observations indicate, however, that if the nest is
deserted the eggs most probably will be destroyed soon by enemies, as explained
subseqliently.

This little fish, is game and when handled fights vigorously. It will grasp the
skin and flesh of the hu,nd and hold on bulldog fashion. However, its jaws and
teeth are too weak to inflict a wound.

The illustrations of the development of the egg and of the newly hatched fish,
presentc'd herewith, are all based on live specimens. The young were not taken
in collections made in nature, a.nd those hatched in the laboratory died within a
day or so after hatching. Consequently, no material for the study of their develop­
ment is available.
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This bIenny, like the others reported upon in this paper, evidently does not spawn
lin of its eggs at one time, as ova of severnl different sizes are present in the ovary
during the spawning period. The length of the spawning season has not been deter­
mined fully. The young have not been taken, and insufficient adults have been
collected to make a full determination from the study of the gonads. However, a
nest was found as early as May 15 (1920), and as late as Augllst 14 (1930). Other
nests were taken in June iwd July. Hildebrand and Schroeder (1928) report a nest
taken May 22 (1922), at Cherrystone Island, Va. From these data it may be con­
cluded that the spawning season extends at least from May to August.

The nesting ha,bits of this blenny, so far as known, are identical with those of
Hypsoblennius hentz. The eggs have been found only in oyster shells, although
clam and scallop shells probably also are used. A full nest covers the entire inside
of both valves of an oyster shell. The eggs arc firmly nttached in a single lnyer,
though not nlwnys in definite rows, nnd are "{ell separated by the adhesive disk
which has a greater diameter than the egg itself. For study, the eggs with the disk
may be removed from the shell with a sharp instrument, but the disk could not be
separated from the egg.

In this species, as noted for Hypsoblennius hentz nnd Hypleurochilus geminatus,
the eggs in a nest nre not all in the same stage of development, a range from an early
deavcage stu.ge to an advanced embryonic stage having been observed. The remarks
made under the discussion of lIypsoblennius hentz (p. 578) as to whether all the eggs in
one nest are the product of one female apply equally as well to Ghasmodes bosquianu8.

Presumably the nests are always guarded by the male, as already indicated.
The care of the male is evidently necessary to prevent the destruction of the eggs
by enemies and to keep them clean and healthy. The eggs in a deserted nest in
nature were destroyed quickly by the small flat mud crab, Eurl/panopeus depressus
(Smith), that also attacked the eggs of IIypsoblennius hentz (p. 579). Those in two
other deserted nests, placed in tanks with running water, all died in an advanced
embryonic stage, having become infested with hydroids and a copepod, Tisbe jurcata
(Baird).ll A small percentage of several dozen eggs removed from a nest when in
rather early developmental stages and placed in glass bowls, in which the water
Was changed twice daily, hatched successfully.

Spawning in this species, as in IIypsoblennius hentz, apparently takes place
early in the morning, as only those nests taken before 10 o'clock contained eggs in
the early cleavage stuges.

DESCRIPTIONS OF THE EGGS AND THE NEWLY HATCHED YOUNG

Description oj the egg.--The eggs of Ghasmodes bosquianus are slightly flattened
next to the adhesive disk or "foot" which attaches them to the inside of oyster shells
and possibly to other bivalve mollusks also, as already explained. The eggs of the
present species are larger than those of the other blennies discussed in the preceding
Pages. The greater axis has a length of 0.93 to 1.1 mm in 27 eggs measured and
an average length of 1.04 mm. The lesser axis which cannot be measured accurately,
because the grayish opaque adhesive disk obscures the outline of the egg, has a length
of about 0.8 to 0.9 mm. The slightly flattened contour of the egg at the place of
attachment is not shown in the drawings portraying lateral views, as the degree of
depression could not be determined definitely.

11 The wrltors are indebted to Dr. C. B. Wilson, State T~.ach~rs C'ollegr, Westfirld, Mass., for thls identification,
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The eggs as seen on an oyster shell with the unaided eye are very pale yellow.
Under magnification just a tinge of yellow is evident. Numerous yellowish oil
globules, mostly in that half of the yolk nearest the adhesive disc, are present. The
eggs have a dense opaque central body, as in the other blennies studied. No bluish
or reddish spots are present in the yolk and therein the eggs of this species difTer
conspicuously from those of the other local forms.

The eggs of this species apparently are even more opaque than those of the
other blennies studied. The yolk is quite granular, becoming more so as develop­
ment progresses. The egg membrane is cellular in appearance. When the microscope
is refocused the lines have the appearance of deep ravines with elevations between
them. This sculpture of the egg membrane is not shown in the accompanying
illustrations. The adhesive disk described above, is shown in only one drawing
(fig. 118), although of course it is always present.

FIGURE lH.-GAa.mode. bo.quianu.. From egg witb blast­
odisc; shortly before the first cleavage; probably about an
bour after fertilization. (Drawn by Nell Henry.)

FIGURE 1l2.~Cha8mode8 bosquianu,s. Franl egg in 2-cell stage;
about 2 hours after fertilization. (Drawn by Nell Henry.)

Segmental-ion and the dlmelopmenl oj the embryo.-The following account is based
entirely upon eggs collected in nnture. The exact time of spawning and fertilization
is not known. Therefore, the time intervening between fertilization and the begin­
ning of cleavage cannot be stated definitely. In a nest taken at 9:30 o'clock in the
morning eggs were present in which the first cleavage took place about an hour after
collection. It seems probable that these eggs were laid early on the morning the
nest was brought to the laboratory, as already explained (p. 605). In IIypleurochilu8
geminatu8 about 2 hours intervened between fertilization and cleavage at a temperature
of 26° to 28° C. It probably may be assumed that in Chasmodes about an equal
length of time elapses' between fertilization and segmentation, at nearly identical
temperatures.

The blastodisc in all the eggs examined lay next to the adhesive foot by which it
was largely obscured when viewed in the normal position. However, when the egg
was turned so that the adhesive surface of the disk was at right angles to the side upon
which it rested, a fair lateral view of the blastodisc and segmentation was obtainable.
Accordingly, the illustrations showing different stages of cleavage are alllatern.l views.
In general, only that part of the disc extending beyond the yolk is shown, as tlJP
opaqueness of the egg obscured the rest.
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The blastodisc is large and projects prominently beyond the yolk. The pervi­
telline space is wide at the positive pole of the egg and very narrow or wanting at the
negative pole (fig. 111). The first blastomeres are large and about equal in size, as
usual in teleosts (fig. 112). The second cleavage plane is !tpproximately at right angles
to the first, und it followed the first, at u water temperature of about :WO C., in about
20 minutes (fig. 113). The third and fourth cleavages followed equally u.s rapidly.

FIGURE 113.-Cha3mode3 b03quianu3. From egg in 4-cell stage;
about 2;.> bours after fertilization. Owing to opaqueness of
egg all tbe cells could not be seen from one viewpoint.
(Drawn by Nell Henry.)

FIGIJRR 11.~.-Chasmode3 bosquiunu3. From egg probably in
the 64-0011 stage; about 3;'> hours alter fertilization. Owing
to opaqueness of the egg the cells could not he counted nccu·
ffltely. (Drawn by Nell Henry.)

FIGURE IH.-Chasmodrs b03quianu3. From egg in l6-cell stage;
about 3 hours after fertilization. (Drawn by Nell Henry.)

FIGURE 116.-Cha3modes b03quian1l3. From egg in rather ad.
vanced cleavnge stage; nhout 6 or 7 hours after fertilization.
Owing to opaqueness of the egg only that part of the hlast­
oderm projecting above the yolk is visible from one view
point. (Drawll hy Nell Henry.)

When the eight-cell stage is reached, all the cells are no longer visible in a lateral vi('w,
and thev cannot be seen in a surface view, as alrea,dy explained. Therefore, further
division~ canllot be clearly observed. The blnstomeres B,re In.rge nnd prominent until
about the 16-cell stage is reuched (fig. 114). Thereafter they get smaller and flatter
rather rapidly (fig. 115).
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The eggs in which cleavage started at about 10:30 in the morning reached a fairly
advanced cleavage stage by the evening of the same day (fig. 116). The temperature
of the water had remained near 26° C. throughout the period. No pronounced
changes had taken place in the egg in the meantime, except that the yolk apparently
had become more granular and rather more opaque.

Twenty-four hours after cleavage started a very early embryonic stage was
reached, that is, the embryo was just becoming differentiated, though it was not yet
possible to distinguish between the head and tail. The temperature of the water had
dropped to 24.5° C. Little obvious headway was ml1de during the next 12 hours.
However, a fairly well-formed embryo, with the eyes partly developed, was present,
at about 48 hours after fertilization. The temperature of the water had advanced to
26° C. The embryos evidently were not all in the SlLme position in relation to the
adhesive foot. In some eggs the embryo lay underneath the yolk, next to the foot,
with only the head and tail visible if viewed from the side opposite the foot. Other
embryos lay mostly above the yolk and therefore were entirely visible in eggs seen from
the same angle. Positions intermediate of these also were observed. A few grayish
blotches, variable in ".ize, were noticed on the yolk for the first time (fig. 117).

FIGl'RE J17.-Cha.•modes bMquianu,. From egg with moder­
ately welJ.rJitferentiated emhryo; 2 days aCter rertilizatlon.
(Drawn by Nellllenry.)

FIGURE 118.-Chasmodl. bo,qulanus. From egg with well·
rormed embryo; 2~~ days arter rertilizatlon. Tall or embryo
curved under the opaque yolk. (Drawn by Nell Henry.)

Ahout 60 hours (2% days) after fertilization, the temperature of the water remain­
ing near 26° C., the embryo was well formed, with a large head and partly pigmented
eyes. It curved about two-thirds the distance around the egg. Indications of
somites were present at midbody length and the heart beat slowly and rather feebly
(about 90 beats per mipute). Circulation was evident only near the heart, no definite
blood vessels apparently having been formed. Black blotches, with irregular outlines,
variable in size and shape in anyone egg and variable in number in different eggs were
present on the surface of the yolk (fig. 118).

On the fourth day of incubation, with the temperature of the water remaining
quite constant at 26° C., the body segments had become plainly marked in the anterior
caudal region, although the embryo had gained little in length. The eyes had many
black pigment dots, most numerous along the upper margin; the yolk appeared very
granular and had been cut into deeply by the embryo, and the dark spots on its surface
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in general had become smaller and more numerous. The heart was beating rapidly,
sending the blood to the body through a large vessel situated near the ventral outline.
This artery left the embryo somewhat more than an eye's diameter from the tip of the
tail where it entered the yolk and divided into several branches. These branches all
coursed over the yolk and in a general way ran toward the snout of the embryo,
underneath which the heart is situated. There they united just before pouring their
contents into the heart (fig. 119).

On the fifth day of incubation, with the temperature of the water still remaining
near 26° C., the embryo had encircled the egg. The tail reached opposite the head.
It was free and moved frequently. The eyes were very prominent, being fully pig­
mented, and visible without magnification. The yolk was reduced to about two-thirds
its original size and more or less crescent-shaped, having been cut into very deeply in
the head region of the embryo. Oil globules of various sizes remained distributed
throughout the yolk. The central opaque body, prcviom;ly described, and still visible
a day or so earlier, hod disappeared. Dark markings on the yolk had become more
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FIGURE 119.-(Jha.mod.. bo.qulallu.. From egg with devel­

oping embryo; 4 days after fertilization. Arrows Indicate
the direction of the flow of blood in the lor~er vessels.
(Drawn by Nell Henry.)

FIGURE 120.-Cha.mod.. bo.quialluo. From egg with ad­
vanced embryo; 5days after fertlllzlltion. II, heart. Arrows
indicat.e direetion of !low of blood in t.he largor vessels.
(Dmwn by Noll Henry.)

numerous and in general smaller. They now eonsisted mostly of lines branching
more or less from a eentral point, and many of them were shaped somewhat like
crow's feet. A concentration of dark markings was taking place in the trunk region
of the embryo. Circulation was brisk, and the blood returned within the embryo,
the caudal vein being quite fully developed. Corpuscles were distinct, and the heart
and large vessels near it had a pinkish tinge (fig. 120).

Development progressed slowly after about the fifth dny of incubation. By the
seventh day, with a drop in temperature to 24.5° C. between the sixth and seventh
day, the tail of the embryo reached a little past ~he ~lead.. The embryo was capable
of considerable movement, carrying the yolk WIth It as It turned in the egg case.
The yolk had been cut into more deeply and was definitely crescent-shaped. The black
markings on the yolk, described in the foregoing paragraph, although variable in
number in different eggs, had become less numerous, and a further concentration of
black had taken place in the trunk region of the embryo. Also an irregular blank
blotch was present at each auditory vesicle. Almost innumerable blood vessels were
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FIGl:RE 121.-Cha&1nodes bosquianu&. From egg with large
embryo; about 7 days alter fertilization. n, heart. Arrows
indicate direction of flow of hlood in the larger vessels.
(Drawn by Nell Henry.)

visible in the vicinity of the head of the embryo and all poured their contents into the
heart, which had the appearance of a pit (fig. 121).

No important changes in the embryo itself appeared after about the seventh day
of incubation. The temperature remained near 24.5° C. from the fifth to the ninth
day when it 9.dvanced to 26° C. On about the ninth day it was evident that the
black color concentrated in the abdominal region of the embryo, first noticed on the
fifth day, was on the embryo, whereas it at first appeared to be on the yolk. On some
eggs a few "crow's feet" remained on the yolk, whereas in others they had all dis­
appeared. A dark blotch was present between the anterior part of the eyes, and in
some specimens short, branching, cross lines were evident on the ventral margin of
some of the caudal myomeres. Also distinct black spots were present on the pectoral
fin membranes which could be seen clearly through the egg case. The eggs in two
unguarded nests (the writer was not successful in inducing a male of this species, to
stay with his nest in the aquarium) all died between the fifth and ninth days of incll­
bation, having become infested with hydroids and protozoa. Eggs removed from the

nests while in early cleavage stages llnd
placed in glass bowls, in which the water
was changed twice daily, also nearly all
became infested and only four hatched.
The rest of this account is based on the few
remaining eggs and the four larvae that
emerged successfully.

On the tenth day of the incubation
period the temperature ofthe water advanced
to 27° C. The embryos were very active.
The dark color markings on the embryo,
already evident on the ninth day or earlier,
had become more distinct. The number
of blood vessels had increased and the
blood, when viewed under moderately low
magnification, was seen pouring over the
head and eyes in minute vessels as if in a
sheet. Heart action was extremely rapid,
the beats following each other in such close
succession that they could not be en \Imerated

accurately. The heart had a distinct reddish tinge, the red probably being in the blood.
Only four eggs survived, as previously stated, and these all hatched on the eleventh

day of incubation. The temperature dropped from 27° to 250 C. between the tenth
and the eleventh day. The incubation period of this blenny, therefore, is around 11
days when the temperature of the water in which the eggs are incubated ranges
between 24.5° and 27° ,C., with a mean temperature around 26° C.

No attempt was made to keep the larvae alive. After measurements and a
sketch had been made and a description prepared they were preserved.

Newly hatchedfish.-The newly hatched fish range in length from 3.56 to 3.78 mm.
The yolk is small at hatching. The head and trunk are short and robust, and the tail
is long and slender. The vent is situated far in advance of midbody length; distance
from snout to vent being 1.25 to 1.3 mm, from vent to tip of tail without finfold 2.1
to 2.3 mm. The snout is short and blunt, its length being less than half the diameter
of the eye. The eye is large, its diameter (0.36 mm) being a little greater than the
depth of the body just behind the vent (0.32 mm). The mouth is placed rather low,
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anteriorly scarcely above the lower margin of the eye. The gape reaches to or a
little behind the vertical from the anterior margin of eye. The vertical finfold is
rather broad; originating above the auditory vesicle, it is continuous and extends to
the vent. Large pectoral fin membranes, somewhat longer than the diameter of the
eye, are also present. The body is fairly transparent. As a consequence, the outline
of the brain and the circulation of the blood can be seen rather clearly. The aorta
and the caudal vein remain rather close together, as in the embryo, both being located
ventrally in the long tail. About 8 or 9 partly indefinitely outlined myomeres may be
counted in advance of the vent and from 28 to 30 behind it. The vertebra count in
two adults examined was 9+24 and 10+23. These counts seem to indicate that the
total number of myomeres in the newly hatched fish is greater than the number of
vertebrae in the adult. Since the demarcations between the myomeres both ante~

riorly and posteriorly are indistinct, it is barely possible that the count is excessive.
Nearly all the color markings on the newly hatched fish already were evident on

the embryo several days before hatching. The black on the snout is in elongate
"twin" blotches, situated over the anterior part of and somewhat in advance of the
eye. The abdomen is largely black along its upper margin, the black reaching from
the upper edge of the base of the pectoral to the vent. A few small black chromato­
phores remain on the ventral surface of t.he abdomen (yolksac). The tail has short
branching cross lines on the ventral edge, which sometimes are wanting anteriorly
and also posteriorly. The basal three-fourths of the inner surface of the pectoral
has black chromatophores, the lowermost spot being very large, while those more
distant from the base of the fin are smaller (fig. 122).
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FIO,JRE 122.~Chaslllo(jes bosquianus. From a newly hatched fish, 3,6 mm long. AV, aUditory vesicle. Arrows Indicate position
and direction of the flow of blood in the aorta and caudal vein, (Drawn by Nellllenry.)

Chasmodes bosquianus is about 3.6 mm long at hatching, whereas Hypsoblennius hentz
is about 2.7 mm long, and Hypleurochilus geminatus is only about 2.4 mm. Chasmodes
apparently has a larger number of myomeres behind the vent, having about 28 to 30,
whereas the other species have only about 23 or 24 at hatching. No black color
markings were noticed under the auditory vesicle in Chasmodes, whereas more or less
black is present in the other species. Chasmodes and Hypsoblennius agree in having
most of the inner surface of the pectoral fin membrane dotted with black chromato­
phores, whereas Hypleurochilus at most has only a few bIllck dots on the base of that
fin. On the other hand, Chasmodes and Hypleurochilus agree in having a concen­
tration of bIllck points, forming nlmost solid black, along the upper margin of the
abdomen, extending from above the bllse of the pectoral to the vent, while Hypsoblen­
nius more usually has scattered branching chromatophores quite generally distributed
over the abdomen. Considerable variation in the distribution of the black markings
on the abdomen, however, has been noticed in all three species.
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THE HAKES OF THE GENUS UROPHYCIS

The development and other life history data of four species of Urophycis, namely
chuss, regi11s, fioridanus, and earlli,t2 are discussed in the following pages.

Some of the hakes are rather widely distributed. U. chuss has been recorded from
the Gulf of St. Lawrence southward to Cape Henry, Va. The known range is now
extended southward to the coast of North Carolina, on the basis of some small speci­
mens at hand, taken by the Albatross at sea off Kitty Hawk. U. regius is known to
range from Nova Scotia southward to South Carolina; U. jloridanus from Beaufort,
N. C., to Pens~cola, Fla., and U. earlli from Beaufort, N. C., to Charleston, S. C.

U. jloridanus was first recorded from Beaufort by Hildebrand (1916, p. 306).
Since that time, the young of this species, have been found to be common locally in
shallow water during the winter and early spring, but the species apparently is absent
there during the summer. U. regius is more common, the young being numerous
during their first winter, but adults were rather rarely taken. It seems possible that
these hakes, after spending the first several months in shallow water, live chiefly in
deep water offshore where very little collecting has been done. The habitat of both
the young and adults is discussed under the heading, "The distribution of the young."

According to our field records only four specimens of U. earlli were taken during
the senior author's connection with the biological station at Beaufort from 1914 to 1917
and 1025 to 1931, notwithstanding that Smith (1907, p. 384) stated, "This
hake * * * is not uncommon in the Beaufort and Cape Lookout regions. * * *
On the udjl1cent shores the fish is common enough to have received a local name,
'Dickie,' although it has no economic value as yet." In view. of the later, much
more intensive collecting, one wonders if there was not confusion with one of the other
more common speCles.

The southern species of hake do not grow large. U. regius is reported to attain a
maximum length of 16 inches. The largest individual seen at Beaufort Was 13}6 inches
long. The largest specimen ofjloridanus taken was only 8}~ inches long, and the largest
one of earlli IMf inches, though one 18 inches long has been recorded. U. chuss is
reported to reach a length of about 30 inches, or even 42 inches, if tenuis is not dis­
tinguishable from that species, as suggested by Vladykov and McKenzie (1935, p. 71).

The hakes as yet are of no commercial value in North Carolina. Small catches
are made in Chesapeake Bay and off Cape Henry, Va. The catch for Virginia (not
separated by species) for 1934 is given as 21,000 pounds in the statistical report of
the Bureau of Fisheries. Northward the hakes increase in importance, the catch
for New Jersey for 1934 being 22,171 pounds, and for New York 139,954 pounds.
Large catches are made in Massachusetts and Maine, and smaller ones in the other
New England States, the total catch for those states for 1934 being 15,319,692 pounds.
The meat of the hakes is soft, but it is of good flavor, and generally sells readily.

Adult hakes of the genus Urophycis, as here understood, are recognized by the
elongate somewhat compressed body; subconical head; rather large, nearly horizontal
mouth, with the maxillary generally reaching to or beyond the posterior margin of tht
eye; with unequal teeth on the jaws and vomer, none on the palatines; a small barbel

12 Jordan, Evermann, and Clark (1030, pp. 212-213) place earlli in the older genus Phycls, leaving the other three species herein
discussed in Urophycls. This cJassltlcation does not seem Justifiable, as earlllis closely related to jloridanu8, dltTering only in the
smaller scales, rather longer dorsal and anal tins, and in color. In turn, jlorldanu8 dUfers in the same characters and in about the
same degree from reuiu8, the type of Urophycis. In addition, jloridanu8 has a longer chin barbel, wherein it agrees with earll/. Cer­
tainly earlli is more closely related to reuiu8 than to chu88 with its low broad head, large eyes, and produced dorsal ray. EvidentlY
a further study of the group is necessary to determine the status of Urophycis. Perhaps all the species herein discussed should be
flsslgned to the genus Phycis.
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at the chin; and two dorsal fins, composed of soft rays only, the first one short, the
second one long, and similar to the anal.

The ventral fins are described in current works as consisting of three slender rays,
closely joined, and appearing as a bifid filament. In the young three separate mys
are plainly evident, and sometimes a fourth one may be discernible. Upon removing
the skin, it was found that two articulated rays are enclosed in each filament of the
adult and a short "remanent" of a fifth ray (unarticulated) is present at the inner
side of the base of the fin. These hakes, therefore, actually have four-rayed, or five­
rayed ventral fins if the unarticulated remanent is counted.

The distinguishing characters of the adults of the species herein discussed are
most readily shown in a key.

KEY TO THE SPECIES

a. Chin barbel very short, not exceeding the pupil of the eye in length.
b. Head depressed, notably broader than deep; eye large, equal to or wider than interorbital; scales

small, 104 to 112 or more oblique series above the lateral line; first dorsal with a long filamentous
ray; dorsal rays 9 to 11-56 to 61; anal rays 52 to 56; lateral line not in a black streak and with-
out white spots; no white on first dorsaL chuss.

bb. Head scarcely depressed, deeper, its depth about equal to its width; eye smaller, not as wide
as interorbital; scales larger, 89 to 97 oblique series above lateral line; first dorsal without a
produced ray; dorsal rays 8 or 9--46 to 51; anal rays 43 to 49; lateral line in a black streak,
interrupted by pale spots; first dorsal largely black, margined with white regius.

aa. Chin barbel notably longer, always longer than the pupil, frequently nearly or fully as long as
eye.

c. Scales moderately small, 110 to 130 oblique series above lateral line; dorsal rays 12 or 13-54 to
59; anal rays 40 to 49; color bluish or brownish above, silvery below; lateral line in a black
streak, interrupted by pale spots; vertical fins mostly pale brownish, often with dusky margins,
the first dorsal largely black, not margined with white __ - - __ - - - floridanus.

cc. Scales very small, 153 to 175 oblique series above lateral line; dorsal rays 8 or 9--54 to (l3; anal
rays 50 to 56; color dark brown to nearly black, sometimes with pale blotches; lateral line not
in a black streak and without pale spots; the vertical fins frequently nearly black, no white
on first dorsaL - - _- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - earl/i.

SPAWNING

The eggs of Urophycis, as already stated, were not secured at Beaufort. Neither
werc ripe adult fish seen by us. However, the capture of spawning fish by the Albatro88
on the coast of the Carolinas in December, 1919 is reported in the field notes by the
late W. W. Welsh. Small larvae, that is, young under 5.0 mm in length, were taken
only a few times, as follows: One, 3.0 mm long, November 12, 1927, 13 miles west
southwest of Cape Lookout; 13, ranging in length from 2.75 to 4.5 mm, December 6,
1927, at the same station; and 1, 3.0 mm long, December 6,1927,6 miles west south­
west of Cape Lookout. These larvae, as stated elsewhere, apparently represent about
equally regius andjloridanus. Larger young were taken frequently and sometimes in
abundance, during December and the following several months, as shown by tables
1 and 3.

The very small larvae taken are very probably only several days old, which seems
to show that both regiu8 and fioridanus spawn in the general latitude of Beaufort at
least during November and December. The small size of some of the young, though
beyond the larval stage, taken during the several succeeding months suggests, however,
that the spawning season extends over a longer period of time. A few specimens of
jloridanu8 and several of regius, 30 to 40 mm long, were collected as late as March,
and a few of regiu8 38 and 39 mm long as late as April 15 (1931). Judging from the
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growth data contained in tables 1-4, it apparently may be assumed that these species
in the general latitude of Beaufort spawn from about November to February.

U. earlli is so scarce at Beaufort that very little material was obtainable. In fact
only three young, 37, 75, and 103 mm long, were secured. Therefore, virtually nothing
was learned concerning its life history. However, the two larger young were taken
March 24 (1931), and the smallest one April 15 (1931), when regius of about the same
size also were taken. It is possible, therefore, that earlli, like the other local species
of hake spawns during the winter on the coast of North Carolina.

It may be stated with some assurance that the hakes do not spawn in the bays
and estuaries at Beaufort, as the eggs and larvae were not taken in these waters during
several years of intensive collecting. All the larvae of regius and jloridanus at hand
were taken at sea from 6 to 13 miles offshore, beyond which no collecting was done.
It apparently mny be assumed, therefore, that these hakes spawn only at sea in the
vicinity of Beaufort. The abundance of young jloridanus, and especially of regiu8,
during the winter and early spring indicates rather extensive spawning in the Beaufort
region.

We have included in the present discussion U. chuss for reasons already stated,
though this species is not recorded from Beaufort. In regard to the spawning Bigelow
and Welsh (1925, p. 452) stated that the height of the spawning season of this species
falls in early summer in the Massachusetts Bay region and at least as early as June
south of Cape Cod. Also, that the extreme limits of the spawning season were not
known, but that the evidence collected indicated that it spawns in the Gulf of Maine
from late spring until early autumn. We have at hand specimens 2.75 to 15 mm in
length collected by the Albatro88 off Cape Henry, Va., October 30, 1919, and off Kitty
Hawk, N. C., October 31, 1919. We, also, have specimens of similar size collected on
the coast of New Jersey by the Grampus, July 19, 1912. It seems, therefore, that the
spawning season of this species is a very long one.

DESCRIPTIONS OF THE EGGS AND YOUNG

The eggs of Urophycis were not recognized in collections made at Beaufort, and
the larvae were not taken often. Those collected apparently are separable into two
species, namely, regiu8 andjloridanu8, as shown subsequently. The smallest specimen
of earlli taken, the only other species of Urophycis known from Beaufort, is 38 mm long.

Various additional collections of young hakes from both north and south of Beau­
fort, made principally by the Albatross, the Grampus and the Fish Hawk, are at hand
for study. These include almost a complete series of the northern hake, U. chuss,
which is not known from Beaufort, though specimens taken off Kitty Hawk, N. C.,
are at hand.

We also have the notes and some rough camera lucida drawing of the development
of the eggs, and newly hatched young of chuss, made by the late W. W. Welsh. Some
of this information, together with two of the drawings, already has been published
by Bigelow and Welsh 0925, p. 454). It seems desirable to bring to light more of
the information gathered long ago (1916) by Mr. Welsh, and to include as full an ac­
count of the development of this species as the data and specimens at hand permit.
This seems especially desirable because of the close similarity of the young to the
species occurring at Beaufort.

The development of the shape of the body is most peculiar, as may be seen from
the descriptions and illustrations of the stages of development. The endy larvae nre
slender; next, at a length of 4.0 mm or so, they become considerably deeper and more
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compressed. Then, at a length of about 10 mm, they have become slender again, and
they remain so until they are fairly large fish, ranging upward of 100 mm in length,
when, at least regius andjloridanus again become deeper, and especially more robust,
that is, less strongly compressed. It is interesting also that contrary to most of the
other species discussed in this paper, the hakes, at no time have spines on the pre­
opercular margin.

The eggs oj U. chuss and their development.-The eggs were obtained by Mr. Welsh
at Gloucester, Mass., evidently directly from ripe fish. It may be assumed that the
eggs of all the species of Urophycis are similar. Therefore, the descriptions and draw­
ings of those of chuss, offered herewith, may be useful in identifying those of the other
species when they are taken.

The eggs are small and vary little in size. The diameter of 10 eggs ranged from
0.72 to 0.76 mm, the average being 0.74 mm. They are clear and buoyant, and con­
tain many (54 counted in one egg) oil globules when first spawned. During incuba­
tion the oil globules decreased rapidly in number, until most eggs retained a single
large one, much larger than any originally present, 6 hours after fertilization. Oc-

FIGURE 123.-UTophvci. chuss. From egg in 2-0011
stage; lY.i hours after fertilization. (From a
camera lucida drawing by W. W. Welsh.)

FIGURE 124.- UTophvcis CflUSS. From egg with
eurlyembryo; 50 hours after fertilization. (From
a camera lucida drawing by W. W. Welsh.)

casionally, however, a few minute scattered ones, in addition to the large one, were
retained 26 hours after feritlization.

The first cleavage took place 1%hours after fertilization at a temperature of about
60° F. The number of oil globules already had decreased (fig. 123). Segmentation
progressed rather rapidly, as the morula stage was attained about 26 hours after
fertilization.

The embryo was well formed 50 hours after fertilization. It extended fully half
the distance around the periphery of the egg, and the eyes were evident. Black
chromatophores dotted the embryo (fig. 124). During the next 24 hours, that is, 74
hours after fertilization, no important changes took place, except that the embryo
grew larger, and the amount of yolk was reduced. Pigmentatio~ of the embryo re­
Inained unchanged. Some convulsive movements now were notICed (fig. 125).

At 90 hours of incubation, with a more or less constant temperature of 60° F.,
the eggs were ready to hatch. The pigment spots on the embryo had become notably

1;;4!l711-38--8
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larger and had branched. The eyes, too, were now slightly pigmented. The single
remaining oil globule lay under the abdomen (fig. 126).

FIGURE 125.-Urophvci. chl1.... ]'rom egg with well·
formed embryo; 74 hours after fertllization. (From
8 camera luelda drawing by W. W. Welsh.)

FIGURE 12()'-Urophvcl8 chm8. From egg with
large embryo; 00 hours atter fertilization. (From
a camera lueida drawing by W. W. Welsh.)

Newly hatched U. chu88.-The newly hatched larvae ranged from 1.83 to 1.98 mIll
in length. The oil globule lay in the posterior part of the yolksac, or at midlength
of the larva. Large pigment spots were present, principally along the dorsal and
ventral outline, and also on top of the head. A few small dots were present on the
eye, a few larger ones on the yolksac, and about three large branched ones on the oil
globule (fig. 127).

FIGURE 127.-Urophllcl8 chu88. From newly hatched larva. (From a camera luelda drawing by W. W. Welsh.)

Specimens oj U. floridanus (1) 2.75 to 3.0 mm long.-The body is rather deep,
robust, the greatest depth being contained 3.0 to 3.3 times in the length to the end
of the notochord. The caudal portion of the body is relatively short and deep,
notably shorter (without caudal fin membrane) than head and trunk, its depth just
posterior to vent being contained about 2.2 times in its length. Myomeres are
indistinct posteriorly. Upward of 40 may be counted. (Number of vertebrae in
regius, 14+31; in floridanus, 16+34; one specimen of each species examined.) The
head is large, compressed, and is contained about 3.0 times in the length to the end
of the notochord. The mouth is almost vertical, the tip of the lower jaw being about
at a level with the upper margin of the eye. The eye is large, fully twice as long as
the snout, being contained about 2.0 times in the head. The vertical fin membranes
remain continuous around the tail where there are rather distinct indications of the
formation of rays. The pectorals are represented by broad short membranes, and
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the ventrals appear as three hairlike rays, which do not nearly reach the vent, and
which at this stage are inserted laterally below the base of the pectorals.

The color markings consist of some dark chromatophores on the head, some
more on the back at the base of the dorsal finfold, one to several on the ventral edge
of the body above base of the anal, and generally a few to several on the middle of the
side, sometimes forming a more or less continuous black line. A few dark dots
frequently are present around the mouth, and on the side along the upper margin of
the abdomen. The distal part of the ventrals already are slightly dusky (fig. 128).

The specimens described in the foregoing paragraphs are from Beaufort, N. C.,
and may be U.fioridanu8. In the same lot are specimens that apparently differ only
in the absence of dusky color on the ventral fins and generally in having no color mark­
ings above the base of the anal. As larger easily recognizable specimens of U. regius
have no black on the ventral fins, it seems probable that small specimens destitute of
this color also are U. regius.

FIGURE 128.-Urophllcia jloridanu8 (?). From" specimen 3 mm long.

.........._..-..-._.......•.. ...... .' _ _--_ ,., .
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FIGURE 129.-Urophllc/8 ClllU8. From" specimen 2.76 mm long.

In addition to the specimens already described, there are at hand specimens of the
Same size, taken off Cape Henry, Va., which apparently are representatives of a third
species. The larvae differ rather markedly in having a proportionately much longer
and more slender tail, the caudal portion of the body (without the finfold) being about
equal in length to the head and trunk, and its depth just posterior to the vent is
contained about 4.0 times in its length. The development of the ventral fins is some­
What more retarded in these specimens, no rays being present. However, in slightly
larger ones in the same lot they are developed, and are distinctly black distally. Other
color markings agree with the specimens already described. Larger and easily re­
Cognizable specimens of U. ChUS8 have the distal parts of the ventrals black. As U.
floridanu8, which also has black ventrals, is not known to occur as far north as Cape
lIenry, it seems probable that the last described larvae are U. ChUS8 (fig. 129).
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Specimen8 about 4.0 mm long.-The advancement in development is not great.
In specimens probably of U. fioridanu8 the body has become rather more robust, the
depth being contained in the length to the end of the notochord about 3.0 times.
The caudal portion of the body has become proportionately rather longer, yet it
remains decidedly shorter than the rest of the body. The mouth is less strongly
vertical, the tip of the lower jaw now being slightly below the level of the middle of
the eye. The ventral fins have increased in length and reach to or a little beyond the
vent.

No change in color apparently has taken place. Most larvae have more dark
dots above the base of the anal than the specimen drawn (fig. 130).

The difference between U. fioridanu8 and U. regiu8 remains one of color only,
as in the smaller specimens, if both species actually are represented among the young
at hand. The distal part of the membranes of the ventrals being black infioridanus,
and pale in regiu8. Furthermore, in regiu8 of this size, there generally are no black
chromatophores above the base of the anal, though a few exceptions have been
noticed.

FIGURE 130.-Urophucis j10riaanus (1). From a specimen 4 mm long.

U. chuss continues to differ from both regiu8 and floridanu8 in having a longer
and more slender tail, though it has become proportionately shorter. Yet it is fully
equuI (without the caudal finfold) in length to the rest of the body, and its depth
just posterior to the vent is contained 3.2 times in its length. The mouth is less
nearly vertical than in the other species, and the dorsal profile is rounder. In color
this species differs very little from fion'danu8, the black markings being similarly
placed, though rather more numerous.

Specimen8 about 5.0 mm long.-U. fioridanu8 apparently is missing among the
specimens of this size. In fact, no specimens between a length of about 4.0 and 21
mm appear to be at hand.

In U. regiu8 the body has continued to increase in robustness, the depth noW
being contained in the length to the end of the notochord about 2.8 times. The
caudal portion of th,e body has increased further in proportionate length, and is con~

tained about 1.6 times in the length to the end of the notochord.
It is deep and compressed, its depth just posterior to the vent being contained

about 2.0 times in its length. The head is rather deep, compressed, and is contained
2.75 times in the length to the end of the notochord. The eye is nearly twice as long
as the snout and is contained 2.75 in the head. The mouth is strongly oblique (not
vertical), the tip of the lower jaw being slightly below the middle of the eye, and the
maxillary reaches about under the middle of the eye. The notochord is bent upward
very slightly distally. The vertical fin membranes remain continuous. The rounded
caudal contains fairly well developed rays, but the dorsal and anal are more retarded
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in development. The pectoral fin membranes remain short and broad, and without
definite rays. The ventral hairlike rays (apparently three in number) have increased
in length and reach well beyond the vent, the fins remaining inserted laterally below
the base of the pectorals.

Black chromatophores remain present on the upper surface of the head, on the
back below the anterior half to two-thirds of the dorsal, and occasionally one or more
black dots are present at the base of anal. A dark lateral stripe, variable in length,
is generally situated above the anterior half of the anal. A dusky area extends
upward and forward from the vent, and often a dusky area is present at the upper
angle of the gill opening, sometimes extending downward just posterior to the opercle.
The fins remain without color, the ventrals being pale throughout.

U. chuss seems to differ from U. regius principally in the rather more slender
body and in having a proportionately longer and more slender tail, the depth of the
body being contained 3.5 times in the length to the end of the notochord; and the
tail, from the vent to the tip of the notochord, is contained 2.2 times in the length.
The depth just posterior to the vent is contained 2.3 times in the length of the caudal
portion of the body to the tip of the notochord. In color U. ch1tss differs principally
in that the interradial membranes of the ventrals ure black distally (fig. 131).

" ••••••• # " .

FIGURE 131.-Urophycis chuss. From a specimen 5 mm long.

Specimens about 7.0 mrn lang.-The most important advancement is the develop­
lllent of rays, or at least the fulcra, of most of the dorsal, and to a somewhat lesser
extent of the anal rays. The number of rays in the second dorsal, as pointed out else­
where, is diagnostic, as thereby regius (with 46 to 51 rays) is distinguished from the
other local species, which have a greater number of rays. It is possible now, with
transmitted light and fairly high magnification, to count about 43 fulcra in the second
dorsal and about 45 in the anal in specimens with deep short tails, which have no black
on the ventral fins. The specimens with short deep tails and without black on the
ventrals among the younger stages, as indicated, were suspected of being regius. At
a length of about 7.0 mm they may be so designated quite definitely, as shown
subsequently.

The specimens with the rather longer and more slender tails, and with the ventrals
distally black have about 50 to 52 fulcra developed in the second dorsal. 'rhe anal
is somewhat more retarded in development than the dorsal and the rays and fulcra
are not nearly all developed. Although the dorsal fulcra evidently, too, are not quite
all developed, it is evident that the number that will be developed is greater than in
adult regiu,s. The specimens with the higher number of fulcra, developed at a length
of about 7.0 mm, are from the vicinity of Cape Henry, Va., farther north than fiori­
danus is known to occur. The only species recorded from the coast of Virginia arc
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regiU8 and chU8s. The specimens with the larger number of rays or fulcra in the
dorsal certainly are not regius, and therefore apparently must be chuss.

It has been pointed out that in smaller specimens the caudal portion of the body
was proportionately longer and more slender in chuss than in regius. This difference
persists, but it is no longer pronounced. The distance from the vent to the tip of
the notochord, in specimens about 7.0 mm long, is contained in the length of the fish,
without the caudal fin, about 2.25 times in regiU8, and 2.1 times in chusi, and the
depth just posterior to the vent is contained in the length of the tail 2.1 times in
regius, and 2.5 times in chU88.

The body in both species has become more elongate, the depth in regius being
contained 3.4 times in the length without the caudal fin, and 3.6 times in chuss.

The color is variable among specimens of both species, though not essentially
different from smaller ones already described (figs. 132 and 133).

FIGURE 132.-Urophycl.! regiU8. From a specimen 7 mm long.

FIGURE 133.-Urophycis ChU8S. From a specimen 7.25 mm long.

Specimens 9.0 to 11 mm long.-The body in regiu8, as well as in chuss, has con·
tinued to grow proportionately more elongate, though it remains decidedly com·
pressed. The depth in regiu8 is contained 3.8 to 3.9 times in the standard length,
and in chus8 4.0 to 4.3 times. The caudal portion of the body (without the caudal
fin) is almost exactly equal in length to the head and trunk in regiU8, whereas in chus8
it is noticeably longer. It is also deeper in regiu8, the depth just behind the vent
being contained 2.9 times in the distance from the vent to the base of the caudal,
whereas it is contained 3.1 to 3.3 times in that distance in chu88.

The mouth has become much less strongly oblique. However, it remains a little
more strongly oblique in regius (wherein the tip of the lower jaw is about at the level
of the lower margin of the eye) than in chus8, in which it is well below the eye.

The first dorsal is partly formed in both species under discussion, and is situated
over the base of the pectoral. The second dorsal is well enough developed to permit
a fairly accurate count of the rays, and especially of the fulcra. In regius 47 and 50
fulcra were counted, and in chu88 55 and 56, in two specimens of each species examined.
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The anal rays are more retarded in development, and a full count is not yet obtainable.
The pectoral fins remain short and rounded in both species. The ventral fins, though
still lateral, are lower on the side and rather farther forward than in smaller fisb,
being inserted somewhat in advance of the base of pectorals, and the rays, of which
three distinct ones of about equal length are present, reach well beyond the origin of
the anal.

In color the two species do not seem to differ, except for the black on the ventrals
in chuss, which is missing in regius. The number of dark dots have increased some­
what, though there is much variation among specimens. All specimens at hand of
both species have black chromatophores on the head and back. Some specimens
have black dots on the cheeks and opercles, some have a dark lateral stripe'variable
in length, and in others these markings are missing, apparently without regard to
species. In the larger specimens of this group, dusky specks have begun to appear
on the first dorsal (fig. 134). .-:

Specimens about 16 mm long.-No pronounced changes in developIJilQnt have
taken place since a length of 9.0 to 11 mm was attained in either species. However,
the first dorsal is considerably higher and better developed, and the pectoral fins have
become much longer, as shown in the accompanying illustrations. The caudal fin
is quite variable in shape, for it may be ronnded, straight, or slightly concave. The
chin barbel first becomes evident in specimens of about this size.

FIGURE 134.-Uroph~clI chU8ll. From a specimen 9.5 mm long.

The color is variable among specimens, some being more profusely spotted than
others. In general, dark pigment has increased in both species. However, the only
distinguishing feature in color noticed is the black on the distal part of the ventral
in chuss, which is missing in regius, just as in much smaller specimens (figs. 135 and 136).

The proportionate length and depth of the caudal portion of the body, which
aided in separating smaller specimens of regius and chuss, are now so nearly the same
that the distinction has vanished.

The rays in the dorsal and anal, at least in some specimens, are not quite all
formed. The development in I5-mm specimens, as in smaller ones, is rather more
retarded in chuss than in regius. Some of the rays and fulcra remain difficult to see.
However, with the use of comparatively high magnification and transmitted light,
9-54 rays were counted in the dorsal and 54 or 55 in the anal in three specimens of
chuss. In two specimens of regius 7-46 and 7-47 rays were counted in the dorsal, and
44 and 47 in the anal. rfhe counts, as shown in the key to the species, for adult
chuss are-dorsal 9 to 11-56 to 61, anal 52 to 56; and for adult regius, dorsalS or 9-46
to 51, anal 39 to 49. Therefore, the difference in the counts between the two species
~n I5-mm specimens is quite evident.
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The anal ray counts definitely separate chuss fromfloridanus, as the adults of the
latter have only 40 to 49 anal rays. The specimens herein described as chuss were
taken off Kitty Hawk, N. C., and northward, wherefloridanus is not known to occur.
The smaller specimens were so identified largely by "locality", as in the absence of
specimens of jloridanus of similar size it was not possible to know how the two species
differed. The anal fin ray counts in I5-mm fish, however, aid in establishing the
identification on a morphological basis.

Specimens about 25 mm long.-At this length three species; namely, regiuB,
fioridanus, and chuss, are recognizable among the specimens studied, principally by
the number of rays in the dorsal and anal fins, and by the length of the chin barbel,
as shown subsequently.

The species are not distinguishable by the shape of the body, the shape and
length of the head, the eye, the snout, nor the mouth. The body has become quite
slender, \tnd remains compressed, the depth in anyone of the three species named
being cOlltained about 4.0 to 4.6 times in the standard length, and the head 3.3 to

FIGURE 136.-Urophgcia regiu8. From II specimen 15 mm long.

4.0 times. The snout is gradually increasing in length, being contained in the head
about 4.0 to 4.4 times, and the eye 3.3 to 3.6 times. The mouth remains only slightly
oblique, and it has become somewhat inferior, with the upper jaw a little in advance
of the lower one, and the snout projecting slightly beyond the upper jaw. The
maxillary reaches to or a little beyond the posterior margin of the pupil.

The barbel at the symphysis of the lower jaw, which first made its appearance in
regius and chUBS when about 15 mm long, remains minute, being scarcely a fourth the
length of the pupil in those species. No specimens of jloridanus around 15 mm in
length are at hand. In specimens of this species, about 25 mm long, it is much longer
than in the other species, being fully equal to the length of the pupil. The greater
length of the chin barbel is a readily o,vailable morphological character at this size,
as well as among larger fish, for separating fioridanus from both regius and chuss.

Scales are present at a length of 25 mm in all three species, though not shown in
the accompanying illustration. The series cannot be definitely enumerated, but it is
evident already that the scales are larger in regiuB than in the other species.
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The difference in the number of dorsal rays between regius and chuss is pointed
out in a preceding section, as well as in the key to the species. However, chuss and
jloridanus have so nearly the same number of rays in the dorsal that they cannot be
separated readily, if at all, by that character. Nevertheless, the last-mentioned
species differ in the number of anal rays, chuss having 52 to 56, whereas jloridanus
has only 40 to 49 (the same number as in regius), as shown in the key to the species.
The anal rays are well enough developed when the fish reach a length of about 25 mm
to permit the use of this distinguishing character.

Much variation in color exists among specimens, some individuals being much
more profusely spotted than others. The two specimens of chuss of this size at hand
are much more profusely dotted than any others. However, insufficient specimens
are available to determine whether it is of specific significance. The ventral fins of
jloridanus are black distally. However, no black is evident on these fins in the old
preserved specimens of chuss, though of course the smaller ones have it. The first
dorsal is partly dusky, there being as yet no distinction among the species in this
respect (fig. 137).

FIGURE 137.-Uroplluc13 jlorldanm. From a specimen 26 mm long.

Specimens 35 to 50 mm long.-The three species; namely, regius,jloridanus, and
chuss, discussed in the preceding section, are readily recognizable among specimens
40 to 55 mm in length. They are distinguishable by the characters pointed out in the
preceding section and some additional ones, as shown subsequently. A fourth
species, namely, earll-i, also is present. This species is discussed separately.

The body has continued to grow more slender and less strongly eompressed,
especially anteriorly, in regius, jloridanus, and chuss. No measurable difference ill
the range in depth seems to exist among these species. In nine specimens, including
three of each species, the range of the depth in the standard length is 5.0 to 5.75. In
the same specimens, the head is contained 3.7 to 4.1 times in the standard length.
The snout now is equal to, or only slightly shorter than the eye, being contained
3.75 to 4.5 in the head. The mouth is slightly oblique, and is definitely inferior, being
situated essentially as in adults. The maxillary is broad posteriorly, and reaches
nearly or quite opposite the posterior margin of the eye, being contained 1.8 to 2.2
times in the head.

The maxillary barbel remains minute in regius and chuss, wherein it is scarcely
half as long as the pupil. In jlorid,anus it is much longer, being equal to fully haif
the diameter of the eye.

The scales are quite fully developed and the series can be eounted fairly accurately.
(The number present in the different species is shown in the key to the species.)
It is plainly evident, under magnification, without counting, that regius has notably
larger scales than the other species.

The fins are all developed essentially as in adults. The pectoral fins are longer
in regius, wherein they reach beyond the origin of the anal, than in the other species
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in which they generally fail to reach opposite the origin of the anal. The ventrals are
scarcely lateral; they are inserted well in advance of the pectorals, or nearly under the
margin of the preopercle. The rays now generally appear as two in number, though
a third short one sometimes remains evident. The two long rays (filaments) are free
from each other distally, and they are rather variable in length, within anyone species,
the upper or outer one, which is the longer, generally reaches to or beyond the origin
of the anal. The caudal fin varies in shape in all species, as its margin may be round,
straight, or concave. The differences in the counts of the rays in the dorsal and anal
fins are shown in the key to the species.

Pigmentation has become quite general, though variable among specimens of
anyone species. The color of preserved specimens is pale to rather dark brown above,
and generally silvery below. In life regiuB andjloridanus (no fresh specimens of chus3
seen by us) may be bright green to bluish above, and the sides and lower parts bright
silvery. The extent to which the body is covered with brownish dots .varies even
among specimens of the same species caught in one haul. The black on the distal
part of the ventrals, present in smaller specimens of jloridanus and chu8B, rarely
remains visible in specimens 40 mm long, and was not seen in any fish 50 mm and
upward in length. The black on the first dorsal is now quite definitely surrounded
by white, at least distally, in regius and distinguishes that species from jloridanus
and chu88 in which the black extends nearly or quite to the margin of the fin and is
not surrounded by white (fig. 138).

FIGURE 138.-Urophf/cl, ftorldanlU. From a specimen 40 mm long.

The fourth species, namely, earlli, is represented by a single specimen 37 mm long.
This fish does not differ from the other species in the proportions usually calculated.
However, it has much smaller scales, and the dorsal and anal rays are more numerous.
(The counts are given in the key to the species.) The mouth is nearly horizontal
and inferior, as in the other species, and the maxillary reaches almost below the pos­
terior margin of the eye. The chin barbel is long and slender, even longer than in
jloridanus, as it exceeds half the length of eye.

The general color is dark brown, much darker than the darkest specimens of the
other species, and this color extends on the dorsal and anal fins, only the margins
posteriorly being pale. In fnct, these fins are darker than the body. Only the chest
and abdomen are silvery. The first dorsal is no darker than most of the second one.
The caudal fin is dark brown at the base, and the rest of the fin is plain translucent.
The pectorals and ventrals are brown at the base and colorless elsewhere (fig. 139).

Specimen8 60 to 75 mm long.-The four species discussed in this work; namely,
chu8s, regius,jloridans, and earlli, are all represented among the specimens of this size.
In general, the characters of the adults, pointed out in the key to the species, can be
used in separating the species. Therefore, only changes in development are pointed
out in the following paragraphs.
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The body has become slightly more elongate, and the head proportionately lower
and broader. The interorbital now is equal to or wider than the eye in all four species.
The snout has increased in proportionate length, and is definitely longer than the eye.
1£ specimens of equal length are compared it is evident that regius, and especially
chu88, have somewhat larger eyes than the other species. The longer pectoral of
regius is quite distinctive at this size, falling short of the length of the head by only
half the snout, whereas in the other species this fin does not exceed the length of
the head without the snout.

The color continues to vary markedly among the specimens of anyone species.
However, earlli is notably darker, and has almost black fins. The dark stripe, broken
by roundish pale spots at intervals, rather shorter than the diameter of the eye, in
which the lateral line lies in adults of regiu8 andjloridanus, only, sometimes is present
when the fish have reached a length of 60 mm, but often not until much later. Some­
times the pale spots appear in advance of the black stripe. In regius and floridanus
four black dots in a vertical row sometimes are present behind the eye in specimens
60 mm long, but often not until much later, the upper one of which is in line with
another spot over the eye and a third one over the posterior nostril. In addition
about three dark dots are situated on the operele. A pore is present in the center of
each black spot. The pores, apparently are present in chu88 and earlli, too, but in
those species they are not surrounded with black.

FIGURE 139.-Urophucll earlli. From a specImen 37 mm long.

Specimen8 100 mm and upward in length.-The body in regiu8, jloridanus, and
earlli becomes more robust with age, and also rather deeper, the proportionate depth
being about equal in all these species and contained 3.9 to 5.0 times in the standard
length. Adults of chu88 are notably more elongate, especially large fish, than those
of the other species, the depth being contained 5.1 to 5.5 times in the length.

The head becomes broader and more depressed with age. This change is especially
pronounced in chu88, for in large specimens of this species it is notably wider than
deep, at the middle of the eyes, whereas in the other species the width of the head at
the same point is about equal to its depth.

The larger eye in chu88 becomes more noticeable with age. It is quite as wide
as the interorbital in fish about 200 mm long, and is contained 4.1 to 4.6 times in the
head. In specimens of about the same size of regius, which have a rather larger eye
than those of jloridanu8 and earlli, it is much narrower than the interorbital, and
is contained 5.1 to 6.5 times in the head. The snout increases in proportionate length
as the eye decreases, and in all species in specimens 100 mm and upward in length
the snout is noticeably longer than the eye. It is a little broader in chu88 than in
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the other species, and, perhaps because of the larger eye, the maxillary reaches only
to the posterior margin of the eye, whereas it reaches well beyond this point in large
specimens of the other species. The snout projects more prominently beyond the
mouth with age in all the species, and it becomes quite conical, though a little de­
pressed in chWJ8.

The chin barbel remains short throughout life in regiu8 and chu88, in which it
never exceeds the pupil of the eye in length. In large specimens of floridanu8 and
earUi it is nearly or quite equal to the diameter of the eye.

The third ray of the first dorsal is greatly produced in adults of chu88, reaching
about to the end of the first third of the second dorsal. It is not evident at what
size the ray becomes produced from the specimens at hand, as fish ranging from 70
to 185 mm in length are missing. In the smaller fish it is not produced, but in the
larger ones it is long. In all the other species the first dorsal becomes rnther pointed,
but none of the rays are especially produced. The differences in the length and shape
of the other fins remain about the same as in smaller specimens already discussed.

FIGURE 140.- Urophllc/s regius. From a specimen 124 mm long.

FIGURE 141.- Urophllcis jloridanus. From a specimen 126 mm long.

The differences in color remain virtually the same as in the smaller specimens
described in the immediately preceding section. The general color of earlli remains
much darker than in a,lly of the other species. A specimen about 100 mm long is
uniform dark brown, with the vertical fins almost black. Larger fish sometimes are
more or less blotched with pale color. No deep black is evident on the first dorsal,
as in the other species herein considered. Of these, regiu8 differs strikingly in having
the deep black color of this fin margined with SIlOW white (figs. 140 and 141).

DISTRIBUTION OF THE YOUNG

It is shown under the heading, "Spawning," that the early larvae, under 5.0 mm
in length, apparently consisting of both regiu8 and floridanu8, the only common
species of Urophycis at Beaufort, were taken only at stations 6 to 13 miles offshore,
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beyond which no collecting was done. Larger young, too, were taken offshore as
well as near the shore. However, no young measuring less than 40 mm long were
found in the bays and estuaries, and not many until a length of 50 to 60 mm had been
attained. Thereafter, for a period of about 3 months, February, March, and April,
they were common to numerous on muddy bottom in the estuary of Newport River,
but no more so than on the very muddy bottom in the vicinity of the "sea buoy"
at the entrance of Beaufort Inlet. However, those taken in Newport River averaged
larger in size. U. regius nearly always was greatly in the majority, though in its
habitat it did not seem to differ fromfloridan1Ls.

The young, up to 40 mm in length, sometimes were taken at the surface, though
more frequently at the bottom. All the larvae, except one specimen measuring under
10 mm in length were taken in surface nets. Presuming that the eggs of regius and
iloridanus are pelagic, like those of chuss, the young would be expected to remain at
the surface, where they are hatched, at least until the yolksac, with its oil globule, is
absorbed. That they not only stay there until the yolk is absorbed but for some time
afterward, is indicated by the catches made. However, the hakes, with inferior
mouths and ventral fins developed as feelers (presumably for prowling around on the
bottom), are typical bottom-dwelling fishes. According to our data that is the common,
if not the exclusive, habitat after a length of 40 mm or so is attained. Futhermore,
they seem to prefer muddy bottom, as already stated.

Although young regius and floridanus arc common to numerous, in the areas
named, during winter and early spring, they disappear almost entirely from shallow
water by June 1, and the adults either are scarce or missing at all times. Definite
information as to where the young go was not obtained. It seems probable, however,
that they merely withdraw to deeper water. It at least seems rather certain that the
adults are common in the offshore waters in the vicinity of Beaufort during the re­
productive season as considerable spawning must take place locally, for the young at
times were taken in great abundance, outnumbering all other species. In the absence
of information to the contrary, it may perhaps be assumed that the deeper offshore
water is the regular habitat of the local species of hakes. The abundance of the
young in the shallow water during their first winter suggests an abundant population.
It might even be possible to develop a hake fishery if their habitat could be located,
which apparently should be sought in rather deep water with muddy bottom.

GROWTH

The measurements of fish tabulated in the accompanying tables are based wholly
on young fish believed to be 6 or 7 months and less of age. Certainly there is no
break in the growth curve. Very few larger fish were taken. Assuming that the fish
for which measurements are given are all under 6 or 7 months old a rapid rate of growth
is indicated, for a few individuals of both regius andfloridanus apparently reached a
lenKth slightly upward of 8 inches at a~ age o~ about 6 months. If regius attains a
length of only about 16 inches and jlondanus IS even smaller, as shown by the data
available, early maturity surely would result if such a rapid rate of growth were
maintained.



628 BULLETIN OF THE BUREAU OF FISHERIES

TABLE I.-Length frequencies of 2,054 hakes (Urophycis regius) , all less than a year old

[Measurements to nearest mm; In 5-mm groups]

Millimeters November December January February March April May June

-----------11----1----1----1----1------------
0-4__________________________________ 1 6 • _
5--9 •••• .___________ 2 _. • • _
10-14-_______________________________ 1 • _
15-19 • ._._._______ 4 • _
20-24 • • • •• ••_.... 5 .__ 1 • _
25-29 __ •• _•••• • • • • _
30-34 • • •• ,,_, __ ,, ._________ 1 1 _
35-39 • • • .___ 1 13 2 •• _
40-44 __•••••• • •__ • •• 4 71 4 4 _
45-49 ._•• • .___________ 22 89 10 2 •__ •
OO-M • ._••_••• ._.________ 25 53 20 12 2 _
55-59 • • • ._•• 10 47 29 24 2 _
6lHl4 ._ ••• _. __ • 4 57 31 10 _
65-69 • •• • .____ 1 46 33 8 • _
70-74 __ ._._ •• ._. • • __ ._____ 3 56 32 7 ._ •• _
75-79 • ••• __ ._. •• 1 35 41 1 1 • _
80--84 __ ._. • • • .___ 24 62 1 1 __ • _
85--89 • • • .___________ 1 28 52 4 •
90-94 • • .________ 23 75 7 1 _
95--99 • • ._. __ •• ._. • ._____ 20 59 9 • ••
100-104 ._. • • • • •• _ 2 18 66 11 ._. __
105-109. ••• • .________ 9 63 17 _. _
110-114 • • ._. ._. • ._. __ • __ • .________ 12 46 31 1 _
115-119_._._•• • ._••_••__ • • ••_••__ •• _. ._ 3 50 26 1 ._. _
120-124•• • __ • __ •• _. • •• __ •••• • ._ •••_.___ 7 46 18 2 __ •• _
125-129__ • __ ._. •• _•• _. __ • _•• • •• 7 33 18 2 ._. _
130-134__ ._ •• •• __ ._._______ 5 37 24 • _
135-139 •• • ._•• •• •• •• __ • ._______ 4 221ft . _
140-144 •• _•• •• ,_,, , • •• 2 28 19 2 • •
145-149. ._._._. • •••_.___ 3 23 20 1 _._. • __
100-1M. • • • • ._•• • ••• • ._. •• 11 17 1
155-159 • •• • ._. • __ .•_•• _. ._. .___________ 13 16 _. _
160-164 • • • • • ._ 8 12 1 ._
165-169__ • ._•• • ••• • _. ••• ._. __ • • ._ 3 15 •• __ •• _
170-174 ._. ••• • ._. ._.___ 14 _. • _
175-179 ••• •• • __ ••• •• • • •• ._._____ 1 7 __ •• •• •• __
180-184 ••• ._. __ ._••• • • • •• __ 1 7 2 • _
185-189__ • •• •• • • • • __ .________ 1 2 10 • _
190-194 • ._._. __ •• •• • ••• • •__ •••• 1 3 • •
195-100 •• •__ •• •• _. __ • __•• __ • ._. • •••_. •• ._ 4 . ••• _. •• __
200-204 __ • •__ •••• __ • • • ••_._ ••__ • • • • • • •• 3 •__ ••_
206-200. ••_••• • • ._._. • • __ •• • • •• 2 • __ ._. _
210-214 • • •__ ._. •••• •• • •• __ •••_._ •• •• ..• • __ • •• •• __ • _
215-219 __ •__ • ••• • • • • • • • _. • __ ._ •• 1 1 • _

TABLE 2.-Monthly summaries oj length measurements of 2,054 hakes (Urophycis regius) during the
first several months of life

[Measurements based on the same fish as In tablo 1]

Month Fish Smallest Largest Average I Month Fish Smallest Largest Averagemeasured measured

--- ---------
Mm Mm Mm Mm Mm Mm

November __ •_____ •• 1 3.0 --"---23- --'---i8~8-

March. _________ • ___ 002 30.00 192 102.3Dooember___________ 18 2.75 tErIL--- --_ •• _-- _.- 402 38.00 215 123.9JBnuBry__________••_ 74 38.00 101 53.9 ay. _____ ._._._____ 21 33.00 219 115.3
February_. ___ • ____ ._ 634 24.00 147 67.0 Juno_ ••• __ •_________ I 152.00

~---- .. _--- ------ ... ---
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TABLE 3.-Lengthjrequencies oj 218 hakes (Urophycisjloridanus), aU less than a year old

[Measurements to nearest mm; in 5-mm groups]

Milllmeters December January February March April May

0-4_••••••••••••••••••••••••••• _••_•• _•••••••••__ 6 __ • ••• , __ • __ •• __ ••••••••• _••••••_•••• ".".",._. ,.".,•• , ••_
.'1-9__••••_. __ ••••• __ •••_••••_••_•• •••• • •_••••__ • __ •__ " •••• __ • • ••••• • • __ ._ •••• , __•••_. " ••••••••
1~14••_•••••_._•• .,_,., __ ._"._.,_ •••• _••••_ .._._ •••••••• ••• _•• _. .,__ ••••••••.•••••••_•• _. _••••_••_••• _•••_•••_••_
15-111..••••••• __ • _••••_••_••_••••• __ ._. •__ ._•. • ... __ '" _•• " __ .••• __ •• ,_._. _ . __ ,_, __ ,_" " __ ,,,,_, •• __ •• __ ••
20-24._•• _••••••••••_•• _•••_••••_•••_••••••• 1 _._._._ ••••. __ 1 _. ••••• _",_"_,,, __ • __ ••••••••
25-29_•••••••_••••• _••••_._ •• _•• __ ••• _._ •••• _.... a 1 • ••• _._._ '._.. _••_.,. __ •••• • •••••••_.
3~34•••••••••••••••••••••• _••••_•• _•• __ ._••••• __ ""_'_"""_ 1 • __ ._ ••• .• ••••• •••• __ •••••••• ._ •••
35-39.••• _•••_._. ._._. ••• __ .• ••.• ,_,_",_,, ••••_. __ • 4 1 _. •••_••• __ •••••_••••
40-44._••••••••••••_•••_._ •••_••• ._ ••• ._. 1 _'_"' __""" 13 1 . __ ••• ••.•••••_•••••
45-49•••••_"""'" _•• _••••• _._,_ •• _•• _••• _•••• _ •• _. _......... 2 4 _••••••_••_•.__ , _•••,.... "'"
60-54_•••• _•••••••_••••••_••••••_•••• •••••• -,_"",, __ ,,__""""",_, 8 1 _••••••••••• =_===:=. __..
55-69 •••••• .• __ •• _._ •••••••• •• _•• __ ••••• ---••••••_._ •• __ ._ ••••••••• _ 7 2 .••• _. __ •• ••• _•• _._.
60-64._••_._ ••••• ••• _._ •• __ ••• __ •••••• __• "",_"_",, 1 2 6 _••••••_._. •••••••••
65-69_••••••• __ ••••_•••••• __ •••• •••_••• __ • • •• •• _•• _••• __ •• 2 3 __ •••• •• • ._••
70-74•••••••••••••••_•••••• _•••_•••_••••••••••_._ • ••• ••__ •__ ,._.".__ , 3 5 ••••_•. ••••••
75-79••••••••••• __ ._•••_••• __ •• __ •••••• • --"-"'---"- -'-'-'-""'-' 1 8 .--.-.----1-- ------. _
8IHl4••• _••••_••••••••••_•••••• ._._••••••••••__••• __ •• _,_. __ •••• __ •• _••••_ 1 5 ••••••• __
85-89•••• _._. __ ••_._•••_••• __ •• __ ._. __ ._._._._. __ -•• ._ -- •••••• • -", __""_,,, 3 1 2
~••••••-.-•••••_••••_•••••••_••••_•• _•••_•••_ -.--------.-•••• -•• -.--.---- 1 7 1 1
95-99 •• __ ••••_••••••• __ •••••••_•••_••••••••• ••••• _._ ••••• ,, __ ,, , __ , __ • __ ._•••••• __ 4 1 1
100-104••• _•••••••_••_•••_. __ ••_._. ••••• _••••_ -'---"'-"'" -"""'--'--- -.-- •••••• --.- 2 3 -.-•••--•••1.
105-109_••• _•••••••••••_._ ••• _••• •• _•• _•••••_..•__ •• __.. • •••• __ . __ • ••_"._._ 1
11~114•••••••• __ •• _•• _•••••_•• _••••••••••••••• _. _••• _••••• _•• ••••• _._. •••••••.• __ 1 .•••_••• 3
115-119._•••••• __ •• __ • __ ._••••• •__ •• _•• __ •• -- •• • __ ._ -.-.-. __ • •. .___ 1 3 1
1~124•••• _•••••_••••••••• •••••••••••••• ••••••_. •. ••• _. • ••• __ ._ ••• •• , __ •••_.. 1 4
125-129••• _•••••_•• _•••_.""_._. •• _. _•• _. __ ._ . •• _- __ ' _. _ . - _. _. .•• • __ .• __ ..__ __ __ 2 2
1~134_.__ •••••_•• __ •• __ •• _._ •••• __ ._••••• _•••. _ •• _•••_._. __ ._ •••• • . ••••••••• __ •••• __ ••• __ 4 3
135-139•• ••• __ • •••• •••_•.. __ .••••_. ",_, __",__ • •. • __ .____ 1 5 3
14~144••••••••••••,. _,._._ -.-. -- ••---. -_•• -- .•• __ • _. •. _- - • __ • • •• _. __ _ 3 2
145-149__••_._._._._._. . •.. _•• •• •• .. • ._ 5 3
160-154. ••••••••_•••_._ •••••_._. • •• . __ •• •• __ ••• ._ •• _. __ • •• ••• __ •• • 2 1
155-159 ._••_•••••• •• ._._•• __ ._._. .•. • • • . __ • .•••• 1 2
1~164_••••••_._ ••••• __ ••••• _•••_•••••• __ • • ._•• _ • ••• • _.•__ • •• .". ._.. 3 2
165-169_._•••_••••••••• -.-. - -•• -- •••••--- •• -.-. -••- - - --. -- ---- - - -- - --. -•• -. - - -- ---. - - -- •• -- - -.-. - --' -- - 3 ••• -"""-i
17~174••••••••••••••••_.__ •• _._._••_•••_•• _•••••• •••• •• • ._ " __ • __ • •• __ ._ .••, ._... 5
175-179__•••••_•• _••••••_•• _•••_••• •••• __ •• _. _. __ •• •••__ • • __ •• • __ ._ •• __ .• __._______ 5 1
1~184_••••__ ••••••••••••_•••••• __ •• _••• •. ••_••• __ •• • __._ •• •• __••••_. __ ••• ._••• .__ 5 1
185-189_._._._.__ ._ -- •• -- - -- •• --- -" - -- -••• - •• --- - - '-" -- •• -- •• - - ---. - --. '-" -. -. --. - -••-.- -- -- ••• - --. - 4 ---""""2
1~194_••••• __ ••••_•• •• ,._._••• __ ••••••••_•••••_. _••_•• • _. _. ••••• __ •••__ •••••_••_ """"" __ 2
195-199_••• _._••• _.,_ •• • __ • •••• •••• ••• __ •• _•••• • ._••__ • . _. __ •••• __•••• _._••. _•••_....... 1
~204••• __ ••••• _••••••••••_•••••••• , ••••••_•••• _••"_•••••••••,. _••",•••" "'_•• ••••••_••_•• • 3 1

~~~===:=:========================== ========== ============== ==== =======:== =======:===::= ====:======= ·········T ===:==:=====

TABLE 4.-Monthlu summaries oj length measurements oj $18 hakes (Urophyda fto'l'idanus) , during the
first several months of lije

[MellSuraments based on the same fish as In table 3]

6
8
5

Month Fish Smallest Largest Average Month Fish Smallest Largest Averagemeasured measured

--- ------
Mrn Mrn Mrn Mm Mrn Mrn

December_•• _•••• __ . 11 3 40 14.8 March••••• ______ •__ 51 37 135 79.
January••• ___ ._. ____ 5 25 62 45.0 M':il.-:==:=:::: :::::: tJ6 83 212 152.
February••••••••••_. 47 24 91 51.7 38 86 202 139.
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ACHIRUS FASCIATUS LACEPEDE. AMERICAN SOLE

The American sole, Achirus jasciatus,t3 as understood here, ranges from Massa­
chusetts to Texas, and is also recorded from the Atlantic coast of Panama. This
species is very common on the coast of North Carolina, where it is often found in
abundance in estuaries, and the mouths of fresh-water streams, on muddy bottom.
It generally may be secured in numbers in the estuary of the Newport River at Beau­
fort, and the young especially range in abundance up the river into fresh water.

Small examples of this sole sometimes are taken in fresh water fnr from the sea.
For example, it is a more or less permanent resident, at least during the summer, of
the Potomac River as far up as Washington. The senior author also has seen a small
specimen taken in the Savannah River at Augusta, Ga., slightly more than 200 miles
from the sen, following the course of the river. He nlso has a specimen from the Pas­
cagoula River, taken at Merrill, Miss., probably fully 75 miles by the course of the
river from the Gulf, where we were informed by a local game warden the fish, though
considered a curiosity, is taken from time to time. It mny be said, therefore, that this
sole ranges from salt, through brackish water, and sometimes far into fresh water.
However, in the vicinity of Beaufort, N. C., at least, it is most numerous in water
that is more or less brackish. It is, of course, a bottom-dwelling fish, like other flat­
fishes.

The usual book name of this species is American sole. In the field the names,
sole, flounder, and hogchoker, are heard. In North Carolina hogchoker is almost
universally used. In bygone times, and to a limited extent to the present day, hogs
have fed on waste fish, cast on the shore by fishermen. Among them, of course, was
the sole, for it has no commercial value. It is related that occasionally this sole act­
ually became a hogchoker. In case the hog masticated poorly and tried to swallow
the fish tail foremost, the fish sometimes lodged in the hog's throat, because of its
extremely rough (ctenoid) scales. The hog, apparently being unable either to
swallow or regurgitate the fish, eventually was choked to death.

CHARACTERS OF THE ADULT

The hogchoker is characterized chiefly by the short deep body, the depth generally
being contained in the length to the base of the caudal fin considerably less than two
(1.6 to 1.81) times. The eyes, which are very small, and the color, are on the right
side of the body. The color is variable; generally it is brownish with darker blotches,
and with about seven or eight dark cross lines. The mouth is very small, terminal,
and the jaws are twisted; the maxillary reaches under the lower eye. The dorsal
and anal fins are long, the former having 50 to 56 rays and the latter 36 to 42. The
caudal fin is round, and the pectoral fins are missing.

METHODS OF COLLECTING

Adult fish, as well as young ones ranging upward of 18 mm in length, were
collected mostly with otter trawls, though larger ones frequently were taken with
seines also.

13 Considerable discussion relative to the correct scientific name of the American sole has taken place during the past several years
The reader Interested Is referred to Chabanaud (1928 and 1935), Myers (1929), and Hubhs (1932.) Ifthe set-up of genera proposed by
Chabanand, who recognizes more genera than most authors, Is accepted the name, Achirus, Is not available for the American sole,
and is replaced by Trinectes. According to Hubbs and ChBbanaud, fascia/us should be replaced by macula/us. NotwlthstBndlng
that this name was a.qsigned to a fish of the Indian fauna by the original describers, It is now claimed that the designation of that
locality was an error. Therefore, the last mentioned Buthors Brrive at the conclusion thBt the correct name or the American sole Is
Trlnectes mawlatus (Bloch and Schneider). The present writers, nevertheless, prerer to retain the long familiar name, AcA/rus
fasciatus, for the reason that the extensive splitting of genera does not seem to us to be advantageous, and because there seeIUS to
be Insufficient evidence that fascia/us actually Is Bsynonym of macula/us.
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The eggs were often secured in abundance with meter tow nets made of number
20 bolting silk. They were also obtained several times from the overflow of tanks
supplied with running water in which gravid fish were confined. Unfortunately the
eggs secured from fish in captivity never appeared to be fertilized, presumably be­
cause no ripe males were present. However, these eggs served a very useful purpose,
as they aided us in positively identifying hogchoker eggs taken in the tow.

Hogchoker eggs, indeed, had been taken in the tow by us over a period of several
summers before their identity became definitely known on June 8, 1929, from a com­
parison with eggs secured from fish held in confinement.a

The more advanced stages of the larvae shown in the accompanying illustrations
were drawn from fish reared in the laboratory by the junior author. In the rearing
experiments comparatively large numbers of young were placed in glass evaporating
dishes having a depth of about 3 inches and a diameter of 8 to 10 inches. Only about
an inch of water was used in ench dish, thus exposing a large surfnce, in compnrison with
the small amount of water, to the air for absorption of oxygen. No artificial aeration
was used. To keep the water at a fairly uniform temperature the dishes were partly
submerged in the large laboratory tanks supplied with running sea water fed from a
12,000 gallon tank by gravity.

While the larvae were very small they were fed daily with towings strained
through number 20 bolting silk. After the fish had gained some growth, towings were
introduced without straining. Ample time for feeding, that is, an hour or so, was given
after introducing the towings, and then the fish were removed with a pipette to clean
dishes supplied with water brought to the laboratory in a clean container directly
from the laboratory pier.

SPAWNING

The spawning season of the hogchoker seems to be a long one, the eggs having
been obtained from spawning fish held in tanks, as early as Ma.y 18 (1931), and as late
as August 14 (1930). In the tow the eggs were noticed as early as May 20 (1931), and
as late as August 5 (1928). It is evident, then, that at Beaufort the spawning season
extends, at least from midspring to midsummer.

Ripe or nearly ripe fish were taken only in the estuary of Newport Hiver, where
the eggs also were secured. However, eggs also were taken in several other localitiel!!
within the harbor, as well as at sea as far out as 6 miles off Bogue Banks. Hogchoker
eggs often were collected in abundance, being among the most numerous fish eggs in
season.

Spawning evidently takes place only in the evening, principally from about 6 to 8
o'clock. It was during that time when the eggs were Rpll.wned in the lahorntory tnnks,
and it was only in the early evening, as shown by many towings, that eggs in early
cleavage stages were secured. In addition to the very recently spawned eggs, older
ones with rather well-developed embryos, extending about two-thirds the distance
around the periphery of the eggs, were present in the early evening towings. 1'he
older eggs evidently had been spawned the previous evening, and were about 24
hours old.

According to other studies made at Beaufort, partly published by the writers
(1930) and partly still unpublished, it would seem that carly evening spawning is quite
usual among marine fishes.

" Dr. Albert Kuntz, working for the Bureau of Fisheries at BeaUfort. N. C., temporarily, secured the eggs, drew up descriptions
Bnd had sketches of the development of the eggs and early young prepared (unpuhllshed) as early as 1913. However. the eggs were
not identified. In 1916 Dr. Lewis Radcliffe secured the eggs In Chesapeake Bay, drew up descriptions and some sketohes (also un­
pUblished), which he labeled "hogohoker." Row he arrived at the tentwtlve conclusion Is not evident from hl$ notes.

154979-38---1l
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Although the eggs were very numerous in the tow at times during the spawning
season, the larvae were not found, notwithstanding that an extensive search was made
for them. The smallest young taken in nature was 18 mm long. Therefore, nothing
can be reported at this time on the habitat and distribution of the larvae.

DESCRIPTIONS OF THE EGGS AND YOUNG

The eggs are spherical, richly supplied with oil globules, and float at the surface.
According to 200 unfertilized eggs, spawned in a tank on two different dates (the
product of two or more fish), the diameter varies from 0.66 to 0.84 mm, the average
being 0.73 mm. Eggs especially selected for range in size from several hundred taken
in the tow, and in an advanced cleavage stage when measured, ranged in diameter
from 0.67 to 0.71 mm.

The oil globules are variable in number, as few as 15 and as many as 34 having
been counted. They also are variable in distribution, sometimes lying close together,
giving the egg a beaded appearance, and sometimes more or less uniformily distributed
over the surface of the egg. They also vary in size from very minute dots to about
0.06 mm in diameter. The variation in position, number, and size is shown, at least
in part, in the accompanying drawings. The large number of oil gloubles give the
egg buoyancy. No perivitalline space is noticeable (fig. 142).

FIGURE 142.-Aclllrm fa&ewttl'. From egg witb fully formed
blastodisc.

FIGURE 143.-Aclllrm falclatm. From egg in 2-cell stage;
about balf bour after fertilization.

The eggs, though quite transparent, have a slight greenish tinge (described as
yellowish by Albert Kuntz, MS.) This color seems to be contained in minute yolk
granules, discernible \lnder rather high magnification (fig. 143).

Cell division proceeds rapidly after fertilization. Eggs collected between 7:30
and 8 p. m. (May 20, 1931), quite surely spawned after 6 p. m. of the same day,
ranged from four-cell to many-cell stages when examined in the laboratory at 8:30
p. m. on the same evening (figs. 144 to 147). An hour later, or from about 2 to 3
hours after fertilization, all had reached advanced cleavage stages (fig. 147).

On the morning of the following day, or about 13 to 14 hours after fertilization,
the eggs contained well-outlined embryos, with eyes just becoming visible, the stage
showing the embryonic streak having been passed in the meantime (figs. 148 and 149).
About 20 hours after fertilization the embryo extende&;'almost two-thirds the distance- .
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around the periphery of the egg; and at 26 hours after fertilization it extended fully
three-fourths the distance around the egg. Its tail was sharply recurved, its heart was
beating slowly, and it was capable of considerable movement (fig. 150).

When next observed, about 36 hours after fertilization, the eggs had hatched;
that is, hatching had taken place sometime between 26 and 36 hours after fertilization.
The temperature of the water in the dishes in which the eggs were hatched had varied
only from about 74 0 to 76 0 F.

FIGURE I44.-Achlrua !aac/alua. :h'rom egg In 4-0011 stage,
following the 2-cell stage in about 16 minutes.

l!'IGURE I46.-Achlrua !a&c/alu&. From egg In I6-cell stage,
Showing Irregularity of cells. (Drawn by Effie B. Decker.)

FIGURE I45.-Ach/rua!aac/alu.. From egg In 8-cell stage,
following the 4-0011 stage in about 15 minutes.

FIGURE 147.-Achlrua !a.cialua. From egg In advanced
cleavage stage; about 3 to 4 hours after fertilization.

The older eggs taken at the same time as those for which the development is
described in the foregoing paragraphs, which contained advanced embryos, hatched
within 12 hours after collection. As these eggs quite certainly were spawned a day
earlier than the others, the period of incubation also fell between 26 and 36 hours.
It may be stated ra.ther definitely, therefore, that the incubation period almost surely
does not exceed 36 hours, at temperatures usually prevailing at Beaufort during the
spawning period of the hogchoker.



634 BULLETIN OF THE BUREAU OF FISHERIES

The development of the egg of the hogchoker is quite usual for a teleost and is well
shown by the drawings presented herewith. Therefore, extended descriptions of the
different stages in the development are not necessary. In the series of illustrations
prepared during our investigation the cells are all shown as of fairly uniform size
and shape. Some eggs were observed, however, in which the cells were more or less
unequal in size and somewhat different in shape. Figure 146, prepared by Mrs.
Effie B. Decker under the supervision of Dr. Albert Kuntz, is introduced to show a
rather extreme case of unsymmetrical cleavage. Too many eggs with more or less
unequal cells were seen to permit us to consider variation an abnormality. It may be
assumed, therefore, that the cells in the early cleavage stages are apt to vary somewhat.

During the early cleavage stages the blastoderm appears as a rather flat mass of
cells. However, in the more advanced cleavage stages it is very distinctly dome­
shaped, with a cavity beneath it, as shown in a side view, in figure 147. This stage
apparently is reached within 2 or 3 hours after fertilization.

FIGURE 148.-AchiTus fasciatus. From egg showing an early
stage in the differentiation of the emhryo (the shaded
streak to the right).

FIGURE 149.-AchiTUS fasciatus. Egg showing later stage In
differentiation of embryo; about 12 hours after fertilization.

The development shown in figure 148, a rather early stage in the differentiation
of the embryonic axis (the dark streak to the right), is attained about 6 to 8 hours
after fertilization. Many greenish granules are present within the egg. Note the
concentration of the oil globules in figure 148 in contrast with .their scattered positions
in figure 149, as well as in some of the other illustrations. This concentration is not
characteristic of this nor any other particular stage of development, but varies in
individual eggs.

The rather early'embryonic stage shown in figure 149 was attained in about 13
to 14 hours. Note that the eyes with lenses are just becoming differentiated. No
somites are visible, probably because the embryo is too opaque. Many greenish
specks are present on the embryo and some scattered ones on the yolk. A few more
or less definitely formed chromatophores, too, are becoming visible.

The moderately advanced embryonic stage shown in figure 150 was attained in
about 26 hours. The embryo evidentally is too opaque to allow the somites to be
seen. It is capable of considerable movement, and slow heart action may be seen.
Green specks still are numerous, and comparatively many chromatophores are present,
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FIGURE 150.-Achirm fascialus. From egg with rather
advanced embryo.

both on the embryo and the yolk. Note that few oil globules, most of them being
small, are present. This again is not characteristic of this stage, but only of the
particular egg drawn.

Newly hatched larvae.-The newly hatched fish is only about 1.7 to 1.9 mm long.
The dorsal and ventral finfolds are very wide, making the larva seem short and deep.
The head is slightly deflected, and on its
dorsal surface is a pronounced hump. The
tail is straight and pointed.

The yolksac is comparatively large and
some or all the oil globules present in the
egg are retained. The number of globules
in the yolksac is equally as variable as in
the egg. The yolksac also retains the green
specks and chromatophores described for
the eggs in advanced embryonic stages.

Green specks also are present on the
body of the larva, except on the distal part
of the tail. On the vertical finfolds green
specks are concentrated to form blotches,
which are somewhat variable among indi­
viduals in size, intensity, and position.
rfhere is one on the dorsal finfold above
the yolksac; another on the fold above the
vent; generally a more or less definite corresponding one on the ventral finfold just
behind the vent; and another pair on the fold at about midcaudallength. In some
individuals the concentration of color is continued more or Jess on the body of the
larvae, forming indications of cross bars, which become more distinct as the fish grow.
In addition to the green speckB more or less definite dark chromatophores are variously
distributed over the body and finfolds.
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FIGURE 151.-Achirmfascialus. From newly hatched young 1.8 mm long.

Heart action is visible, but due to the opaqueness of the fish the circulation cannot
be seen. The vent is located at about midbody length. The newly hatched fish
swims, or floats on its back, presumably being held in that position by the bouyancy
of the many oil globules in the yolksac (fig. 151).
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Larvae 16 hours old, 2.2 to 2.4 mm long.-In about 16 hours the yolksac is nearly
all absorbed. The very small amount remaining is crowded with oil globules. The
fish is now about 2.2 to 2.4 mm long. The head no longer is deflexed, but is rather
elevated, with the hump even more prominent than in the newly hatched fish. The
mouth is open, and the pectoral finfold on each side is plainly visible.

It is interesting that, although pectoral finfolds are present in the larvae, pectoral
fins are not developed. At least, not a rudiment of a pectoral fin was found in 186
adults, collected at various places along the Atlantic and Gulf coasts of the United
States, especially examined for this character (fig. 152).
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FIGURE 162.-Ac1IITtu !a,clattu. From a young fish with yolk mostly absorbed. 2.4 mm long.
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FIGUBI 153.-Acll/rlUf/UciatlU. From a young 1llIb wltb yolk absorbed, 2.2 mm long.

Larvae 24 hours old.-In the aquarium the fish did not increase much, if any, in
length for several days after the yolk was absorbed. The fish shown in figure 153
was only 2.18 mm long at 2 days of age, and therefore a little shorter than the younger
fish shown in figure 152. Development, nevertheless, progressed somewhat. The
yolksac with its oil globules had entirely disappeared. In its place there was a body
wall through which the internal organs in part were visible. The hump on the head
had become rather lower, and the mouth had moved forward somewhat with the lower
jaw projecting slightly. The general color remained about the same as in the younger
larvae. However, the pigment areas in the finfolds had become smaller and the
pigment dots more concentrated (fig. 153).

Larvae 4 days old.-Four days after hatching the larvae still did not exceed a
length of 2.5 mm. The head now had become more elongate, and the mouth more
prominent with the lower jaw projecting rather strongly. The body had remained
slender, as in the younger larvae.

The critical stage in the life of the larvae seems to be reached about the fourth
day, and few survived until the fifth in the glass dishes in which they were kept in the
laboratory. However, among those fed with towings, of which mention already has
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been made, a few survived much longer and those specimens furnish the clue to the
further development of the larvae.

Larvae 7 days old.-The fish shown in figure 154 is 7 days old and was 3.0 mm long.
This fish differs little from the 4-day old one, already described. Very definite dark
chromatophores are now present on the head and abdomen, and rather definite cross
bars generally are present. Anteriorly th~ body has increased considerably in depth.

Larvae 14 days old.-Figure 155 is based on a preserved specimen 14 days old,
measuring only 2.0 mm in length after preservation. It may be assumed that consider­
able shrinkage had taken place. The fish at this stage is deep and strongly compressed.
The pigment spots on the dorsal finfold, tending to form bars on the body, are present

------
FIGUIIE IM.-Ac1Iiru" !a3ciaiu". From a young 1Ish, 7 days old, 3 mm long•

................

FIGURE IM.--A.c1IirUII !alciatu". From a young 1Ish 14 days old.

about as in the early larvae. The pigment on the ventral finfold, however, is not
concentrated in blotches in the single specimen studied. A great increase in dark dots
on the body has taken place.

Young fish 17 days old.-It is evident from figure 156, based on a specimen 17
days old, 3.8 mm long after preservation, that development progressed rapidly. The
fish has become much more shapely. The distal part of the tail, instead of being
curved downward, is now bent upward, giving it the heterocercal appearance character­
istic at this stage of development of telosts with homocercal tails. Indications of rays
are present in the finfolds. Note that the pectoral finfold remains prominent. The
eyes are quite symmetrically placed on the opposite sides of the head, and there is as
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yet no indication that one of them (the left one) will '.'migrate." Pigmentation has
increased greatly, and is equally developed on both sides.

Young fish 26 days old.-Growth among the five fish alive at the age of 26 days
was quite unequal. In the larger ones, 3.8 mm long when alive, rays are quite fully

FIGURE 156.-Achiru. fa.datu.. From a young fish 17 days old.

FIGURE 167.-AchiTlU fa.datu.. From a young fish 32 days old.

FIGURE 158.-AchiTlt3 fa3CiaJ.u8. From a young fish 34 days old. Though only a few days older than the one illustrated In fig. 157,
development 15 much further advanced.



DEVELOPMENT AND LIFE HISTORY OF SOME TELEOSTS 639

developed in the vertical fins. A slight depression is evident above the right eye
through which the left eye is destined to migrate, as illustrated in the older fish shown
in figure 158. However, at this stage the eyes remain symmetrically placed. The fish
still swam upright in deep water, but on a hollowed microscope slide containing insuffi­
cient water to "float" them vertically, they invaribly swam or rested on the left side.

Young fish 32 days old.-The specimen illustrated in figure 157, which is 32 days
old and 3.0 mm long, after preservation, has the depression over the right eye, described
for the fish 26 days old, more pronounced. The second line shown in the drawing is
the actual outline of the interorbital, for above it is only a transparent membrane.
However, the eyes remain symmetrically placed on the opposite sides of the head.
Note in the illustration that the pigment blotches on the dorsal and anal fins remain
placed essentially as in the early larvae.

FIGURE 159.-Achiru& !a8cialm. From Byoung a<!ult·18 mm long.

Young fish 34 days old.-The fish illustrated in figure 158 is 34 days old. There­
fore, only 2 days older than the one shown in figure 157. However, this fish is larger,
being 5.0 mm long after preservation, and it is much advanced in development. Note
in the illustration that the left eye has just entered the depression in the forehead.
At this size the mouth already is much twisted, essentially as in the adult. Ventral
fins now arc developed. Note also that the pectoral fin membranes persist. It seems
significant, however, that in contrast with the other fins no definite rays have devel­
oped. It is, furthermore, noteworthy that the pigment spots on the dorsal and anal
fins persist essentially as in the early larvae. No loss of pigmentation on the blind
side has taken place.

Although one fish lived in the aquarium to reach the age of 41 days, development
had not proceeded as far as in the specimen 34 days old, just described. As the smallest
specimen taken in nature is 18 mm long, and essentially a young adult, an unfilled
gap in the development remains between this specimen and the 5.D-mm one, described
in the foregoing paragraph.
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Young fish 18 mm long.-The 18-mm specimen illustrated in figure 159 already is
fully scaled. Fleshy tentacles are developed on the head, though not in the profusion
of fully grown fish. The left eye has completed the migration, both eyes appearing
close together on the right side of the head, the upper one (originally the left one) being
a little in advance of the lower one just as in the fully grown fish. The pectoral fin­
fold remains in part, having the appearance of a fleshy tentacle as shown in the illus­
tration. Most of the fish examined had lost this rudiment of a pectoral at a length of
25 to 30 mm. However, one specimen 43 mm long retained it. It would not be sur­
prising, therefore, if occasionally it were retained longer, or even throughout life.
The ventral and anal fins have approached each other as in the adult. In the process
the vent and the anal fin have "migrated" forward. (See figures 158 and 159.)

The 18-mm specimen is fully pigmented on the right or eyed side. It is inter­
esting that the dark blotches on the dorsal and ventral fin folds of the newly hatched
larvae have been retained on the right side of this fish in essentially the same position.
These juvenile spots are lost, however, when the fish reach a length of about 25 mm.
As the fish grows, spots generally become much more numerous than in the 18-mm
one illustrated. Frequently about seven or eight more or less definite blackish cross
lines are also developed in adults. Much variation in color among individuals
exists. The small specimen drawn is destitute of pigment on the blind side, which is
quite usual among adults. Yet, many exceptions have been noticed. In fact, vari­
ous degrees of pigmentation have been seen, ranging from a few obscure dusky spots
or a dusky shade here and there to a general dusky to blackish coloration with
definite blackish spots.

GROWTH

An insufficient number of hogchokers has been measured to determine the rate
of growth with any degree of certainty. According to length measurements of 440
specimens, regarded as belonging to the O-class, taken during April (1931), this dass
ranges in length from 18 to about 100 mm, the mode being at about 55 mm. A
considerable range in size would be expected because of the very long spawning
season, which extends at least from May to August. The specimens measured,
therefore, may have varied in age from about 7 to nearly 12 months.

Subsequent growth remains almost entirely undertermined, though among a
limited number of larger specimens, measured in April (1931), there is another slight
mode around 140 mm, indicating that fish approaching an age of 2 years probably
are fully grown.

The largest hogchocker taken at Beaufort was 184 mm (7}~ inches) long. The
largest one ever reported (Hildebrand & Schroeder, 1928, p. 176), so far as known to
the writers, was 200 mm (8 inches) long. The average size of mature fish apparently
is around 125 mm (5 inches). It is obvious, therefore, that the hogchocker is too
small to be of commeFcial value. So far as the writers are aware it is never eaten.
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